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ABSTRACT
Field and laboratory experiments were conducted to study the influence of 
environment and genotype on the expression of sweetpotato resistance to the 
sweetpotato weevil (SPW), Cylas formicarius (Fab.).
Roots of four genotypes (“W-244”, “W-250”, "‘Beauregard”, “Centennial”) were 
evaluated for SPW feeding and oviposition at three different storage times. Roots from 
Louisiana, South Carolina and Mississippi were also evaluated. Genotype had a 
significant effect on feeding and oviposition. Storage time and production sites 
appeared to affect resistance expression; the outcomes depend on the genotypes.
The effect o f nitrogen on sweetpotato resistance to SPW was studied. Four 
genotypes were grown in the field under three nitrogen regimes (0,45 and 135 kg 
N/ha). Harvested roots were evaluated for SPW feeding, oviposition, larval survival, 
and pupal weight. Significant nitrogen effects were found on oviposition. Genotype 
significantly affected feeding, oviposition, and larval survival where W-244, "‘Excel” 
and "‘Sumor” had lower rates than Beauregard and W-250. No significant nitrogen and 
genotype interaction was found.
The effects of drought and manual defoliation on SPW feeding, oviposition, 
larval survival and pupal weight were studied on Beauregard and Excel. Drought 
stressed plants received significantly more SPW feeding punctures and eggs than non­
stressed plants, but had lower larval survival. Manual defoliation (67% of leaf area at 
different growth stages) had a significant effect on oviposition, but not on feeding, 
larval survival or pupal weight.
vm
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Experiments were conducted to investigate the effect o f root and foliage feeding 
by other insects on sweetpotato resistance to SPW using four genotypes. In the field, 
banded cucumber beetle (BCB), Diabrotica balteata LeConte, and armyworm, 
Spodoptera latifascia (Walker), were released into cages (1.8x1.8x1.8m) placed over 
sweetpotato plants, and were allowed to feed and deposit eggs throughout the growing 
season. Harvested roots were evaluated for SPW feeding, oviposition, larv'al survival, 
and pupal weight. Root feeding by BCB and defoliation by armyworm tended to 
increase SPW feeding and oviposition, but had no effect on larval survival and pupal 
weight. Genotype had a significant effect on feeding, oviposition, and larval survival, 
suggesting both antixenosis and antibiosis as resistance mechanisms.
IX
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CHAPTER I
INTRODUCTION
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Sweetpotato, Ipomoea batatas (L.) Lam., is one o f the most widely grown and 
valuable crops in the world. It plays a very important role in the food production 
systems o f developing countries (Horton & Ewell 1991, Woolfe 1992). According to 
the F AO (1993), sweetpotato ranks seventh among all food crops with an annual 
production o f 124 million metric tons. In the United States, sweetpotato is a major 
horticultural crop grown in the states of North Carolina, Louisiana, California, 
Mississippi, Texas, Alabama, Florida, Georgia, South Carolina, New Jersey, and 
Virginia (USDA 1999).
The pest spectrum of sweetpotato is very wide, and includes insects, mites, 
diseases, nematodes, and rodents (Jansson & Raman 1991). A total o f  at least 270 
species of insects are reported to feed on sweetpotato in the field and in storage 
throughout the world (Talekar 1992). Among the insect pests, sweetpotato weevil 
(SPW), Cylas formicarius (Fab.), is the most destructive and widely distributed. The 
insect attacks sweetpotato both in field and in storage. Reported losses range from 5% - 
100% depending on the severity of the infestation and root quality standards among 
different communities (Chalfant et al. 1990, Jansson & Raman 1991).
Tlie control o f SPW is difficult because of its concealed larval feeding habit and 
multiple generations (Smith 1923, Sutherland 1996). Numerous control tactics have 
been implemented but none of them consistently produce satisfactory results (see 
chapter II). The use o f  weevil resistant cultivars would be o f value in reducing losses 
(Collins & Mendozan 1991). Several sources of resistance have been identified through 
field and laboratory evaluations, and many plant characters have been identified that are 
thought to be associated with SPW resistance (Barlow & Rolston 1981, Chalfant et al.
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1990, Collins et al. 1991). Escape, tolerance, antixenosis, and antibiosis were all 
reported as resistance mechanisms in the tested resistant genotypes (Waddill & Conover 
1978, Ramayake 1995). However, there has been little success in incorporating 
resistance into commercial cultivars. So far, not a single cultivar with adequate SPW 
resistance has been adopted commercially. This is partially due to the high variability 
in expression o f resistance among resistant genotypes (Collins et al. 1991, Talekar 
1987a, b).
An understanding of resistance mechanisms and the environmental factors that 
influence the expression of those resistance mechanisms would aid in the development 
o f cultivars with stable SPW resistance. The objectives o f this research were to 
categorize SPW resistance and to elucidate the effect o f some environmental factors on 
resistance using genotypes with low to moderate levels of SPW resistance (Ratnayake 
1995, Story et al. 1996, Story et al. 1999a, b). Storage roots used in bioassays are often 
grown in different locations, may be of different ages, and may or may not be cured. 
Chapter III reports the effects o f production sites, curing process, and storage time on 
SPW feeding and oviposition preference with different genotypes of sweetpotato. The 
effects o f nitrogenous fertilizer (Chapter IV), drought stress and manual defoliation 
(Chapter V), and the presence of other insect pests in the system (Chapter VI) on SPW 
adult feeding, oviposition, larval survival and development (pupal weight) in storage 
roots were investigated. The information obtained is very helpful in categorizing the 
resistance mechanisms in tested genotypes and in understanding the effects of certain 
abiotic and biotic environmental factors on weevil resistance.
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CHAPTER II
LITERATURE REVIEW
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Biology and Economic Importance of the Sweetpotato
The sweetpotato, Ipomoea batatas L. (Lam.), is a dicotyledonous plant in the 
family Convolvulaceae. The genus consists of some 500 species and is widespread, 
especially in the tropics (Edmond 1971). The most common species are morning glory 
(I. purpurea), water spinach (/. aquatica) and sweetpotato (/. batatas). The latter is one 
of the most widely grown food crops in the world. Sweetpotato is believed to have 
originated in either Central or South America, where it was first discovered and 
cultivated around 2,500 B.C. (O’Brien 1972). Since then, it has spread to most o f the 
world’s tropical, sub-tropical and warmer temperate regions, and is grown in more than 
100 countries (Woolfe 1992). Its storage roots and foliage can be used as a staple food, 
a vegetable, snack food, animal feed, and raw material for the manufacture of many 
industrial products (Bouwkamp 1985, Kays 1985, Woolfe 1992). Sweetpotato is 
normally grown as an annual propagated from vine cuttings or from rooted sprouts on 
bedded storage roots. The production periods range from 3 to 7 months depending on 
the environment and cultivar (Hahn & Hozyo 1984).
According to the FAQ (1993), sweetpotato ranks seventh among all food crops 
with annual production at 124 million metric tons. It is an extremely important crop in 
many parts o f the world and may become even more important as a result o f world 
population growth and subsequent pressure on land use (Woolfe 1992). Sweetpotato is 
a hardy plant that performs better under marginal conditions than most other crops. It 
can be grown in both low and high technology input agricultural systems under both 
tropical and temperate weather conditions. It yields the greatest amount o f food per unit 
area per unit o f time of all cultivated crops (Woolfe 1992). All these desirable traits
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give sweetpotato an exciting potential role in combating food shortages and 
malnutrition (Jansson & Raman 1991, Woo fie 1992). In the United States, sweetpotato 
is a major horticultural crop grown in the states o f North Carolina, Louisiana,
California, Mississippi, Texas, Alabama, Florida, Georgia, South Carolina, New Jersey, 
and Virginia (USDA 1999).
The Taxonomy and History of the Sweetpotato Weevil
Numerous insects have been reported as pests of sweetpotato, including 
members of Coleoptera, Lepidoptera. Thysanoptera, Orthoptera and Hemiptera.
Among them, Cylas species of Coleoptera are the most serious insect pests (Chalfant et 
al. 1990, Horton & Ewell 1991). The supra-specific classification o f the genus Cylas is 
uncertain. Weevil taxonomists have assigned it to Brentidae, Apionidae, or Cyladidae. 
Although the issue is not yet resolved conclusively, the placement o f the genus into 
Apionidae is now widely accepted (Wofle 1991). Species level classification also has 
been uncertain. According to Wofle (1991), there are 29 species names under Cylas, 
but some of them are junior synonyms. He estimates that there are approximately 25 
valid species with nine attacking sweetpotato. He further divides the nine species into 
three monophyletic groups, according to the shape of the body, length o f hind femora, 
head structure, and genitalic characters. The three groups are the Cylas bnmneus group, 
the Cylas puncticollis group, and the Cylas formicarius group.
C. bnmneus, C. femoralis, and C  angustatus belong to Cylas brunneus group.
C  brunneus, and C. femoralis may be synonymous and C. angustatus has been placed 
as a junior synonym o f C  brunneus (Wofle 1991). In the group o f C  puncticollis, there 
are five members, namely C. puncticollis, C. puncticollis opacus, C. nigrocoerulans, C.
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compressns, and C. hovanus. C. puncticollis, commonly referred to as the “African 
sweetpotato weevil”, is the most problematic species within this group. The Cylas 
formicarius group has three members. They are Cylas formicarius (sweetpotato 
weevil), C  elegantulus, and C  turcipennis. These three species names have been 
variously split or synonymized (Pierce 1940, Wofle 1991). C. turcipennis was placed 
as a junior synonym o f C  formicarius. The name o f C  formicarius elegantulus 
(Summers) was advocated by Fierce (1940) for specimens from the New World, 
Madagascar, and the South Pacific and was considered a distinct subspecies o f C. 
formicarius until more recently, when it was placed as a synonym o f C. formicarius 
(Wofle 1991). For this reason 1 use the name ot' C. formicarius and the common name 
o f sweetpotato weevil (SPW) designated by the ESA (1978).
SPW was first recorded in the United States in 1875 (New Orleans, Louisiana) 
and is believed to have been introduced from the West Indies (Chittenden 1919, Newell 
1917). Quarantine and eradication actions have been taken since then to contain its 
spread. However, the weevil has still managed to spread throughout the southern parts 
o f the country through transportation of infested roots or planting materials (Chittenden 
1919, Graf & Boyden 1921, Sorensen 1987), and has become the most destructive pest 
o f sweetpotato in the states o f Louisiana, Texas, Florida, Georgia, Mississippi, and 
Alabama (Hamed 1929, Mullen et al. 1982).
Biology of the Sweetpotato Weevil
The life cycle o f SPW consists of four successive stages, the adult, egg, larva 
and pupa. The adult is a free-living beetle with an ant-like appearance, about 6 mm 
long with a shiny dark blue head and abdomen, brick red thorax and legs. The egg is
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creamy white in color, oval in shape, about 0.65 mm in length and 0.4 mm in width 
(Floyd 1942). It is deposited singly in a special cavity prepared by females, typically on 
the root surface and/or basal stems near the ground surface (Jansson et al. 1987, 1990a). 
The cavity is sealed with a grey fecal plug to preserve moisture and protect the egg from 
predators and mechanical injury (Sherman & Tamashiro 1954). The egg remains 
unchanged in color until hatching in about 4-9 days (Jayaramaiah 1975, Sutherland 
1986a). The larva is a white, legless grub feeding internally with an estimated 3-5 
instars in a period o f 16-58 days (Jayaramaiah 1975, Sherman & Tamoshiro 1954). The 
pupa is about 5 mm long, white in color, and turns darker Just before emerging into an 
adult in about 4-15 days (Smith 1923, Sutherland 1986a). Mullen (1981) has shown 
that weevil development is closely related to temperature, and the optimum is between 
27-30°C with about 33 days to complete the life cycle.
SPW has a number o f host plant species in the Convolvulaceae family 
(Cockerham 1943. Sutherland 1986b), but cultivated sweetpotato is its favorite (Smith 
1923, Austin 1991). The insect does not have a definite hibernation stage and is active 
throughout the year, unless restricted by low temperatures (Chittenden 1919). Since 
females continually deposit eggs over a period o f 62-104 days (Cockerham et al. 1954, 
Floyd 1942, Mullen 1981, Smith 1923), there are no distinct generations and weevils in 
all stages may be foimd at almost any time (Newell 1917, Smith 1923). The female 
produces a sex pheromone which attracts the male (Coffelt et al. 1978), and both male 
and female are active at night (Howard 1982). This is also the period when males are 
most attracted to females or to the synthetic sex pheromone, and the time when 
oviposition peaks (Proshold et al. 1986, Jansson & Hunsberger 1991).
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Both larvae and adults damage sweetpotato roots in both the field and during 
storage. In the field, adults can feed on all parts of the plant (Gowdey 1924). Females 
deposit eggs on vines near the ground (Floyd 1942, Jansson et al. 1987) or gain access 
to storage roots through soil cracks caused by root enlargement and soil wetting and 
drying cycles (Jansson et al. 1990a). Larvae feed and develop within root or vine 
tissues and remain there to pupate. Feeding and oviposition punctures on the root 
surface can reduce root quality and market value. Larval tunneling induces terpenoid 
production in roots that imparts a bitter taste and makes roots unfit for both human 
consumption and animal feed (Uritani et al. 1975). During storage, weevils can 
complete a life cycle exclusively on storage roots and inflict extensive damage. For 
these reasons, even low weevil densities may cause severe crop losses. Reported losses 
range from 5% -100%  depending on the severity o f the infestation and the root quality 
standards among different communities (Talekar 1982. Mullen 1984. Chalfant et al. 
1990, Jansson & Raman 1991).
Population Management
A considerable amount of research has been conducted on SPW control because 
of its potential to devastate the crop. Cultural control tactics, such as use of non­
infested planting material (Sherman & Tamashiro 1954, Talekar 1987c), removal of 
volunteer plants and wild hosts (Boyden 1922, 1927, Talekar 1983), prompt harvesting 
(Chittenden 1919, Sherman & Tamashiro 1954), planting away from weevil-infested 
fields (Sherman & Tanashiro 1954), crop rotation (Talekar 1983), filling in of soil 
cracks or planting in light soils that do not crack (Sutherland 1986a), irrigation to 
minimize soil cracking (Sherman & Tamashiro 1954), mulching (Jansson et al. 1987,
1 1
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Taleker 1991) and intercropping (Talekar 1991) have been suggested. All o f these 
methods can reduce weevil infestations to some extent. Because the principle sources 
o f weevil infestations are carry-over of the insects in cuttings and/or immigrations from 
weevil-infested crops or alternative hosts, the most effective controls are the use of 
weevil-free planting materials (Dozier 1939a) and sanitary measures (Chittenden 1919, 
Cockerham & Deen 1948). However, adequate control is not always obtained by using 
these control approaches and some of them are not practical in many areas (Talekar 
1991).
Numerous chemicals, applied as fumigants, pre-planting treatments and post­
planting foliar applications, have been tested for the control o f SPW (Dozier 1939a, b, 
Sherman 1951, Sherman & Mitchell 1953, Sherman & Tamashiro 1954, Wolcott & 
Perez 1955, Talekar 1983. Hammond et al. 1996). Fumigation disinfects roots and 
stops damage during storage and further spread through shipment. It has been used to 
obtain weevil-free seed roots (Cockerham & Deen 1936). However, this treatment 
requires that roots spend a long period of time in an air tight chamber, and may leave an 
unpleasant odor in the roots, or retard root sprouting (Dozier 1939b). It is difficult to 
achieve SPW control using conventional post-planting applications because a large part 
of the life cycle is spent in plant tissues and can hardly be reached by insecticides 
(Cockerhan & Deen 1948, Floyd 1955, Hammond et al. 1996). Although adults are 
susceptible to most tested insecticides, frequent applications are required making it not 
cost-effective in many parts o f the world (Talekar 1991). Pre-plant insecticide 
applications have been used to disinfect planting material (e.g. dipping vine cuttings). 
This type o f insecticide application, if combined with proper cultural control methods,
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may result in satisfactory control, and is usually more economical than foliar sprays 
(Sherman 1951, Sherman & Mitchell 1953, Sherman & Tamashiro 1954, Wolcott & 
Perez 1955, Talekar 1991). There are many detrimental consequences to using 
chemical control tactics in sweetpotatoes, such as pesticide residues in food, 
environmental contamination, and phytotoxicity (Chalfant et al. 1990). In developing 
countries, transportation, equipment, and the cost of insecticides are the major problems 
(Jansson 1991).
Biological control agents, such as predators, parasitoids, fungal pathogens and 
nematodes have been found to attack SPW. More research is needed in order to use and 
achieve effective controls using biological agents (Cockerham 1944. Cockerham et al. 
1954. Jansson et al. 1990b, Jansson 1991). Other control methods have also been 
investigated and used in some areas. For example, the syndietic sex pheromone was 
used for mass trapping and/or mating disruption or as a monitoring tool (Coffelt et al. 
1978, Proshold et al. 1986, Hammond et al. 1989, Jansson et al. 1989, Mason et al.
1990). Gamma irradiation was used by Wilson (1980) and Dawes et al. (1987) to 
produce sterile weevils.
Since none of the tactics, when used singly, can provide adequate control, 
integrated pest management (IPM) has been evaluated with combinations o f cultural 
practices (crop rotation, elimination of wild hosts and hilling o f soil), chemical controls 
(dipping cuttings and post-planting applications), and pheromone-baited trapping 
system (Talekar 1991). This technique may achieve satisfactory results, but will need 
to be practiced by every grower in a commimity and this is difficult to accomplish.
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Interaction between Sweetpotato Weevil and Sweetpotato
Understanding interactions between insects and their host plants is important 
because resistant varieties can be a viable component in pest management programs or a 
principle control method if the resistance is high enough (Smith 1989). It is especially 
important in developing countries because virtually no additional skill or cash 
investment is required (Adkisson & Dych 1980). Since SPW is difficult to control, and 
about 98% o f the world’s production is in developing countries, utilization o f weevil- 
resistant sweetpotato cultivars would provide the most cost-effective means o f 
controlling SPW (Collins et al. 1991). During the past several decades, sweetpotato 
germplasm has been evaluated for weevil resistance in both the field and laboratory, and 
various levels of resistance have been observed (Cockerham & Deen 1947, Cockerham 
& Harrison 1952, Waddill & Conover 1978, Rolston et al. 1979, Mullen et al. 1980a,b, 
1981,1982, 1985a, b, Nottingham et al. 1989b, Son et al. 1991, Story et al. 1996, Mao et 
al. 1998, Story et al. 1999a, b, c). Many characters of sweetpotato plants are thought to 
be associated with SPW resistance, such as fleshy root density, dry matter and starch 
content, root depth, vine thickness, and plant chemistry (Barlow & Rolston 1981, 
Chalfant et al. 1990, Wilson et al. 1989). Waddill and Conover (1978) reported that 
three types o f resistance mechanisms, namely tolerance, antixenosis, and antibiosis 
were exhibited in the tested sweetpotato genotypes. Ramayake (1995) studied some 
aspects o f antixenosis and antibiosis in sweetpotato roots, and found differences in 
feeding, oviposition, egg and larval survival, developmental time of larvae, and pupal 
size and weight. Despite these efforts, little success was achieved in developing 
adequate weevil resistance, partly because of the inconsistent resistance displayed by
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R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
the resistant genotypes over several growing seasons (Talekar 1987a, b, Collins et al. 
1991).
The association between SPW and sweetpotato has been relatively short since 
SPW is a recent arrival in the New World, having originated in the Old World. By 
contrast, the sweetpotato originated in the New World and arrived recently in the Old 
World (Austin 1991). Before the introduction of sweetpotato, the insect survived on 
many wild Ipomoea species (Sutherland 1986b) and other Old World species within the 
family Convolvulaceae. There appears to be a wide acceptance o f Convolvulaceae as a 
host plant, suggesting that the insects evolved with some of the Old World members of 
the family and later shifted to cultivated sweetpotato and became adapted to it (Austin
1991).
Phytochemicals, especially allelochemics (non-nutrients produced by one 
organism that affect the behavior, health or ecological welfare o f another) are important 
in insect-plant interactions (Scriber 1984). Both volatile and non-volatile compounds 
may mediate insect-plant interactions as attractants, repellents, stimulants or deterrents 
to feeding and/or oviposition (antixenosis). Other compounds may act adversely on 
insect survival and development (antibiosis). Nottingham et al. (1989a) reported that 
SPW adults responded to sweetpotato leaf and root volatiles, despite distinct differences 
between roots and leaves in concentrations o f volatile compounds. Responses were also 
different among tested cultivars. Nottingham et al. (1988) and Son (1989) found large 
differences in the leaf-surface chemicals between genotypes with different 
susceptibilities to the weevils. An oviposition stimulant, boehmeryl acetate, in periderm 
tissues o f storage roots has been identified and its content has been associated with
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weevil resistance, e.g. susceptible cultivars have higher levels of boehmeryl acetate 
(Nottingham et al. 1987, Wilson et al. 1988, 1989, Son 1989, Son et al. 1990, 1991, 
Wilson et al. 1991). Cockerham and Deen (1947) found that lines with lower weevil 
infestations were high in carotene and low in starch content. Conversely, high sugar 
content and low latex were reported to favor weevil development (Pillai & Kamalam 
1977). Some sweetpotato cultivars also possess antibiosis to banded cucumber beetle, 
Diabrotica balteata Le Conte (Schalk et al. 1986). Resin glycosides extracted from 
periderm tissues o f sweetpotato storage roots have shown an antibiosis effect on 
diamondback moth, Plutella xylostella L. (Peterson et al. 1998). Based upon these 
findings and other insect-plant interactions, differences in susceptibility to weevil may 
be largely due to chemical differences among genotypes, which could result in a 
variation in initial attraction, host choice, the weevil success in utilizing different plants, 
or a combination of these factors (Starr et al. 1991 ).
Many environmental factors can affect insect-plant interactions (Heiruichs 1988, 
Karban & Baldwun 1997). However, in the sweetpotato weevil and sweetpotato system, 
the only research o f this kind was done by Marti et al. (1993). They investigated the 
effects o f nutrient levels in the plant on storage root surface chemistry that related to 
weevil resistance. They found that both nitrogen and potassium contents in the leaves 
had effects on root surface chemicals. The studies in this dissertation examine the 
direct effects of various environmental factors on sweetpotato weevil adult feeding, 
oviposition, larval survival and development. The information is valuable for breeding 
sweetpotato weevil resistant cultivars and management o f this destructive pest.
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CHAPTER III
EFFECT OF SWEETPOTATO GENOTYPE, STORAGE TIME AND 
PRODUCTION SITE ON FEEDING AND OVIPOSITION BEHAVIOR OF THE 
SWEETPOTATO WEEVIL, CYLAS FORMICARIUS (FAB.)
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Introduction
Sweetpotato weevil (SPW), Cylas formicarius (Fab.), is a major constraint to 
sweetpotato [Ipomoea batatas (L.) Lam.] production worldwide (Jansson & Raman 
1991). It attacks sweetpotatoes both in the field and during storage. Adults make 
feeding and oviposition punctures on the root surface that can reduce root quality and 
market value. Larvae, tunneling in roots, induce terpenoid production that renders even 
slightly damaged roots unfit for human consumption and animal feed (Cockerham et al. 
1954, Uritani et al. 1975). Reported losses range from 5 - 100% depending on the 
severity o f the infestation and the root quality standards in effect among different 
communities (Chalfant et al. 1990, Jansson & Raman 1991). Because of the concealed 
nature o f the feeding habit, control of this insect is difficult. The use of weevil resistant 
sweetpotato cultivars is a potentially viable option and could be an economical 
component in the integrated management of SPW (Collins & Mendoza 1991, Collins et 
al. 1991).
Many researchers have conducted studies on SPW resistance in sweetpotato 
over the years. Varying levels o f weevil resistance have been shown for sweetpotato 
germplasm both in field evaluations (Cockerham & Deen 1947, Cockerham & Harrison 
1952, Waddill & Conover 1978, Rolston et al. 1979, Mullen et al. 1980b 1981, 1982, 
1985, Talekar 1987b, Mao et al. 1998) and in laboratory bioassays (Mullen et al. 1980a, 
Barlow & Rolston 1981, Nottingham et al. 1987,1989, Ratnayake 1995, Story et al. 
1996,1999a, b, c). However, little success has been realized in the development of 
resistant cultivars partly because the breeding lines often fail to display resistance
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consistently in the field (Talekar 1987b). This has raised questions regarding the 
existence o f SPW resistance in sweetpotato (Talekar 1987a).
The expression of insect resistance can be influenced by many environmental 
factors (Smith 1989). Identification of the factors that influence resistance would help 
to explain the inconsistent performance of resistant genotypes. Such information would 
also be useful in facilitating the development o f cultivars with higher levels of 
resistance and in understanding the underlying mechanisms of the resistance. When 
developing weevil resistant sweetpotato cultivars, a large number of roots are screened 
and the selections are evaluated over a period o f several months. Curing and root aging 
during storage may affect the outcome of screening studies. Many physiological and 
chemical changes occur in the roots during these processes (Bouwkamp 1985). Storage 
has been reported to induce changes in carbohydrate composition, enzyme activities and 
cell wall components (Takahata et al. 1995, Walter & Palma 1996). The effect o f 
curing and storage time on the expression of SPW resistance has not been investigated. 
In addition, sweetpotato is grown in a wide geographic range. The environments that 
the plants encounter in the field are quite different from one area to another and are very 
likely to influence weevil resistance expression by a particular genotype. In fact, wide 
variations in weevil resistance between production sites have been observed in field 
evaluation trials (Talekar 1987b). No comparative study has been done under 
controlled laboratory conditions to determine the effect of production site on weevil 
feeding and oviposition preference. In this study, we evaluated the feeding and 
oviposition rate of SPW on the storage roots o f  four sweetpotato genotypes, 
“Beauregard”, “Centennial”, “W-244”, and “W-250”, and the effects o f storage time
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and production site on the feeding and oviposition behavior o f weevils under laboratory 
conditions with no-choice and choice settings.
Materials and Methods
Insect rearing. A SPW colony was maintained in the laboratory on storage 
roots of “Beainegard” in plastic containers (5.6 L) with screen covers under conditions 
o f 28 ± 2°C and 85 ± 10 % relative humidity (RH). Adult weevils were allowed to feed 
and oviposit on fresh storage roots for 5 days, then the infested roots were removed and 
kept under the conditions described above. The emerging adults o f the new generation 
were collected weekly and held with fresh storage roots. Female adults of 3-4 weeks 
age were used in the bioassays to ensure adequate egg-laying capability (Wilson et al. 
1988).
Bioassay. The assay technique was an adaptation of one previously described 
by Mullen et al. (1980a) and has been used in several feeding and oviposition studies 
(Nottingham et al. 1987, Wilson et al. 1988). It consisted of a 24-well tissue culture 
plate (12.5 X 8.5 x 2.0cm; Falcon®) placed in a rectangular clear plastic container (17 x 
1 2 x 6  cm). Cores were cut from selected roots with a cork borer ( 1.6-cm-diameter) and 
inserted into the wells so that only the surface of the root periderm was exposed. The 
diameters o f the cores were the same diameter as the wells, giving a tight fit. Weevils 
were starved for three hours before being introduced into the arena at the rate of two 
weevils per root core. A moist cotton bail was placed in the container to maintain high 
RH to prevent the desiccation of the root cores. After 24 hours the niunber of feeding 
punctures on each core were recorded, and after 48 hours the number o f eggs were 
counted. All tests were conducted under the conditions o f 28 ± 2°C, 85 ± 10 % RH and
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total darkness. Cores from only one genotype were presented to the weevils in no­
choice tests. In choice tests, cores, one from each genotype, were randomly arranged in 
the plate and presented to the weevils.
Test material. Four sweetpotato genotypes were chosen according to their 
performance in no-choice, whole-root laboratory evaluations (Story et al. 1996, Story et 
al. 1999a). W-244 and W-250 were breeding lines shown to be resistant to SPW. 
Beauregard and Centennial were two susceptible cultivars. To determine the effect o f 
storage time, bioassays were conducted with roots in the following age groups: non­
cured 7 days after harvest (DAH), cured 25 DAH, and cured 85 DAH. Storage roots 
were produced using normal production practices at Baton Rouge, Louisiana. Slips 
were planted on July 5, 1996 with 0.3 m spacing in 20-plant plots with rows separated 
by 1.2 m. Storage roots were harvested on November I, 1996. Some roots were 
evaluated 7 DAH without curing. The remaining roots were cured (30°C, 90% RH for 
7 days), and stored at 15 ± 2°C. At each test date, both no-choice and choice tests were 
conducted with completely randomized experimental designs and eight replications 
(eight medium size roots).
Three locations. Baton Rouge, Louisiana (LA), Edisto, South Carolina (SC), and 
Pontotoc, Mississippi (MS), were chosen to evaluate the effect of production site on the 
expression of weevil resistance. Storage roots were produced at each site using normal 
production practices. All four genotypes in two production sites (LA and MS) were 
involved with non-cured 7 DAH roots. Three genotypes (Beauregard, Centennial and 
W-250) in two sites (LA and SC) were involved with cured 25 DAH roots. Only no­
choice tests were conducted with eight replications.
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Data analysis. All data (average number o f feeding punctures or number of 
eggs per root core) were analyzed with PC SAS General Linear Model (GLM) 
procedure (SAS 1990 Version 6.12), followed by Tukey’s multiple range test for mean 
separations. Storage time effect was tested as a fixed block effect by pooling data from 
all three age groups together. Production site effect was analyzed as a fixed block effect 
in a randomized complete block design. In all tests the significance level was a  = 0.05.
Results
Genotype and storage time effects. Significant differences in feeding and 
oviposition were found among the four genotypes (Table 3.1). In both no-choice and 
choice tests, W-250 had the least number of feeding punctures and eggs at the first two 
age groups. At 85 DAH, W-244 had the lowest numbers while W-250 was not 
significantly different from the susceptible cultivars (Figures 3.1 and 3.2). When the 
data o f all three age groups were pooled and analyzed as a randomized complete block 
design with storage time as blocks, the storage time has a significant effect on the 
number of eggs deposited in no-choice tests. Cultivar effect and its interaction with 
storage time were significant in all cases (Table 3.1). The data indicate that W-250 had 
some resistance relative to the susceptible cultivars when the roots were non-cured 7 
DAH and cured 25 DAH, but the resistance factors were diminished at cured 85 DAH. 
The opposite trend was found with W-244, where significant differences in numbers of 
pimctures and eggs were detected only with cured 85 DAH roots when compared with 
the susceptible cultivars. Beauregard and Centennial were uniformly susceptible across 
the three root age groups evaluated.
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Table 3.1. Effect o f genotype and storage time on number o f sweetpotato weevil feeding punctures and eggs in no-choice 
and choice tests.
No-choice test Choice test
Feeding punctures Eggs Feeding punctures Eggs
Main effect DF F P F P F P F P
Genotype (A) 3,84 21.64 <0.0001 47.67 <0.0001 30.15 <0.0001 30.91 <0.0001
Storage time (B) 2,84 2.15 0.1223 61.52 <0.0001 1.17 0.3140 1.21 0.3023
AxB interaction 6,84 9.95 <0.0001 18.12 <0.0001 5.80 <0.0001 8.30 <0.0001
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Figure 3.1. Effect o f genotype and storage time (DAH=days after harvest) on the 
number o f feeding punctures and the number of eggs under no-choice test 
conditions. Means (Bars) followed by the same letter within each storage time 
category are not significantly different (p>0.05, Tukey).
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Figure 3.2. Effect of genotype and storage time (DAH=days after harvest) on the 
number o f feeding punctures and the number of eggs under choice test conditions. 
Means (Bars) followed by the same letter within each storage time category are 
not significantly different (p>0.05, Tukey).
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Production site effects. A significant production site effect was found for the 
feeding punctures (F =  5.72, d f = 1,56, P = 0.0202) with the roots of Louisiana and 
Mississippi. The number of eggs deposited was not significant (F  = 0.05, d f  = 1,56,
P = 0.8915). The interaction effect o f genotype and production site was highly 
significant for both feeding and oviposition (F  = 4.63, d f  = 3,56, P = 0.0058, F  = 6.33, 
df=  3,56, P = 0.0009, respectively) indicating that the feeding and oviposition rates 
among the four genotypes were different between these two sites (Figure 3.3). For 
Louisiana grown roots, all four genotypes were significantly different from each other 
in number o f feeding punctures, while no significant difference was found between 
Beauregard and Centennial in the number of eggs. Centennial had the highest number 
of feeding punctures and eggs. For Mississippi grown roots, significant differences 
were found between the two susceptible cultivars in both number o f feeding punctures 
and number o f eggs. Significant differences were not found between W-244 and W-250 
but these two lines were different from susceptible cultivars for number o f feeding 
punctures. For number of eggs, W-244 and W-250 were only different from 
Beauregard.
A significant production site effect was found with the number o f eggs deposited 
(F  = 4.38, d f  = 1,42, P = 0.0424) with the Louisiana and South Carolina roots. The 
number o f feeding punctures was not significantly affected by production site (F  = 1.90, 
d f  = 1,42, P -  0.1723). Although no statistically significant production site and 
genotype interaction effects were found, the different performance of W-250 fi"om these 
two locations was obvious. With the roots grown in Louisiana, W-250 had significantly
35
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fewer punctures and eggs when compared to Beauregard and Centennial while no 
differences were detected among the three genotypes with roots grown in SC 
(Figure 3.4).
Discussion
Plant resistance to insects may be due to antibiosis, antixenosis (nonpreference), 
tolerance, and escape. All these t>'pes of resistance have been reported in SPW 
resistance in sweetpotato (Waddill & Conover 1978. Barlow & Rolston 1981. Mullen et 
al. 1981. Talekar 1987b. Ratnayake 1995). Our study concentrated on antixenosis 
(plants lack the characteristics that attract insects and are avoided by insects) for feeding 
and oviposition. We found that Beauregard and Centennial were preferred by SPW in 
respect to both feeding and oviposition. This result is consistent with previous reports 
that have shown the susceptibility of Beauregard (Ramayake 1995. Story et al. 1996) 
and Centennial (Mullen et al. 1980b. Nottingham et al. 1989. Rolston et al. 1989) in 
both field and laboratory tests. W-244 and W-250 are two breeding lines that were 
selected for resistance to Diabrotica spp. Their resistance to SPW was noticed by 
Ratnayake (1995) and Story et al. (1999a). The fact that we found significantly fewer 
numbers of feeding punctures and eggs on the roots o f these two lines suggests that 
antixenosis was responsible for at least part of the resistance. Talekar (1987a) once 
argued against the feasibility o f nonpreference in sweetpotato. He pointed out that 
nonpreference had little value because weevils lack choices among sweetpotato 
genotypes in reality. Our study found that SPW exhibited feeding and oviposition 
differences among sweetpotato genotypes under no-choice conditions, suggesting the 
possibility o f utilizing antixenosis in SPW management.
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Figure 3.3. Effect o f genotype and production site (LA, MS) on the number of 
feeding puntures and the number of eggs under no-choice test conditions. Means 
(Bars) followed by the same letter within production site are not significantly 
different (p>0.05, Tukey). The tests were conducted using non-cured roots 7 
days after harvest.
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Figure 3.4. Effect of genotype and production site (LA, SC) on the number o f 
feeding punctures and the number o f eggs under no-choice test conditions. Means 
(Bars) followed by the same letter within production site are not significantly 
different (p>0.05, Tukey). The tests were conducted using cured roots 25 days 
after harvest.
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No-choice and choice are the two experimental settings for evaluating plant 
resistance to insects. Sometimes, results from these two kinds of tests appear to be 
contradictory. Resistant genotypes identified under choice conditions can receive more 
feeding damage than susceptible genotypes when insects are forced on only one 
genotype (Tingey 1986). Usually under choice conditions, susceptible plants may 
receive higher levels o f damage and resistant plants receive lower levels o f damage 
when compared to the results of no-choice conditions. This would result in a larger 
variance among genotypes under the choice conditions. Both no-choice and choice 
tests were conducted in our study. We found no significant differences between results 
of choice and no-choice tests when testing for equal variance as described by Sokal and 
Rohlf (1981) (Table 3.2). In fact, relatively higher variance under the choice condition 
was only found with number of feeding punctures. The results suggest that SPW was 
not often choosing among genotypes and for some reason the females tended to 
distribute eggs more evenly among genotypes when choices were present. One possible 
explanation is that volatile deterrence or repellence agent(s) are present in the resistant 
genotypes. The presence of both susceptible and resistant genotypes in the same 
bioassay arena imparts a degree of resistance to the susceptible genotypes.
Curing is a common postharvest handling procedure for sweetpotato in 
temperate growing areas. During this procedure, the roots are kept in a specially 
designed facilit}- where the temperature is maintained aroimd 30°C and RH is at 85% to 
90% for 4 to 7 days. The curing process reduces decay and water loss o f roots during 
storage by promoting wound periderm formation on injured surfaces, but apparently it 
has no dramatic effect on the nutritional components o f the roots (Bouwkamp 1985).
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Our study shows that curing had no effect on the preference of SPW feeding and 
oviposition since the trend was similar before and after curing. However, as storage 
time lengthens, SPW feeding and oviposition rate among genotypes started to change. 
This suggests that storage time may influence the expression o f weevil resistance, but 
the effect differs with each genotype.
Table 3.2. Fs value for variances from number of sweetpotato weevil feeding punctures 
and eggs in no-choice or choice tests.
Test Variance' Fs value P value
Number o f Feeding Choice 51.5693 1.2513 0.13818
punctures No-choice 41.2122
Number o f eggs Choice 7.1533 1.2781 0.11679
No-choice 9.1424
'Variances were calculated from the data of storage time experiment, df|=df2=95.
The importance of environmental factors in the expression of weevil resistance 
has been noted by Talekar (1987 b). In our study, significant production site effects and 
the interactions o f genotype and production site on SPW feeding and oviposition in 
some cases also suggests that environmental factors associated with production sites 
may influence the level of resistance expressed. Previous studies have related SPW 
resistance to the presence and concentration of a pentacyclic triterpene, boehmeryl 
acetate, in the periderm tissues o f sweetpotato roots. This chemical has been identified 
as a SPW oviposition stimulant (Son 1989, Wilson et al. 1988). Our study suggests the 
possibility o f the presence of deterrent(s) or repellent(s) in the resistant genotypes. 
Environmental factors very likely influence such phytochemicals and hence alter the 
level o f resistance. Future studies should focus on pinpointing the responsible
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environmental factor or factors and identify the phytochemicai(s) that are relevant to 
SPW resistance.
In conclusion, this study has shown that SPW exhibited different feeding and 
oviposition preferences among sweetpotato genotypes. The results suggest utilization 
of antixenosis in SPW management may be possible. The storage time and production 
site conditions influence feeding and oviposition behavior. When screening for SPW 
resistance, all conditions associated with testing material (storage roots) and 
environmental conditions should be kept as consistent as possible. Potentially resistant 
lines should be evaluated under multiple sets of environmental conditions over a period 
of several years.
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CHAPTER IV
THE EFFECT OF NITROGEN ON THE EXPRESSION OF SWEETPOTATO 
WEEVIL, CYLAS FORMICARIUS (FAB.), RESISTANCE IN SWEETPOTATO, 
IPOMOEA BATATAS (L.) LAM., STORAGE ROOTS
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Introduction
Cylas formicarius (Fab.), the sweetpotato weevil (SPW), is the most destructive 
insect pest o f sweetpotato, Ipomoea batatas (L.) Lam. It attacks sweetpotato in the field 
and in storage. The eggs are laid in accessible roots or vines, and the larvae develop 
within the tissue. The tunneling of the larvae induces terpenoid production in the roots 
that imparts a bitter taste and renders even slightly damaged roots unfit for consumption 
(Uritani et al. 1975). Reported losses range from 5-100% depending on the severity of 
the infestation and standards o f root quality among different communities (Chalfant et 
al. 1990, Jansson & Raman 1991). Because of the concealed nature o f the feeding 
habit, the use of weevil resistant cultivars would be a practical and economical method 
of control (Collins & Mendoza 1991). Varying levels of resistance have been reported 
in both field and laboratory evaluations (Mullen et al. 1980, 1985, Story et al. 1996). 
However, inconsistent performance by selected lines between years and within years at 
different locations is often encountered, hindering successful development o f 
commercially useful resistant cultivars (Collins et al. 1991).
The expression of insect resistance in plants can be affected by both biotic and 
abiotic environmental factors that alter the plants both physiologically and chemically. 
Identification of these factors would help in the selection and breeding of resistant 
cultivars. Unfortimately, little research has been done to identify environmental factors 
that may influence sweetpotato resistance to SPW. Nitrogen (N) is a critical element in 
the growth o f all organisms and has been recognized as having a role in insect-plant 
interactions (McNeill & Southwood 1978). Studies have illustrated both beneficial and 
detrimental effects of nitrogenous fertilizers on phytophagous insects depending on the
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insect-plant system (Scriber 1984a, Bentz et al. 1995, Setam ouetal. 1995). Therefore, 
variation in the level of nitrogen in the field may contribute to the instability of 
resistance in resistant plants. In this study, we investigated the effects o f nitrogenous 
fertilizer applied during the growing season on SPW feeding and ovipositional activities 
(no-choice tests) and preference (choice tests), larval growth (represented by pupal 
weight) and survival on storage roots under laboratory condition. Additionally, we 
wanted to determine whether these effects were uniform across different genotypes.
Materials and Methods
The experiments were conducted at the Burden Research Plantation, Louisiana 
State University Agricultural Center, Baton Rouge, Louisiana. In 1997, two cultivars, 
‘‘Beauregard” and “Excel”, and two breeding lines, “W-250” and "W-244” were used. 
Beauregard is susceptible to SPW and the others have shown moderate levels of 
resistance to SPW. In 1998, the cultivar ‘‘Sumor” was used in the place of W-250 
because the resistance o f W-250 was low in 1997 tests.
The treatments were 3 x 4  factorial combinations o f three nitrogen levels by four 
cultivars (lines) arranged in a randomized complete block design with six blocks. The 
three N levels were no supplemental N (0 kg N/ha), recommended amount of 
supplemental N for commercial production (45 kg N/ha), and three times o f the 
recommended amount (135 kg N/ha). Each plot (treatment) consisted o f three seven- 
plant rows using a 0.3 m spacing within rows and 1.0 m spacing between rows. 
Sweetpotato slips were transplanted on July 17,1997 and June 23, 1998. Before 
transplanting, commercial fertilizer (N-P-K: 8-24-24) was applied at the rate of 45 kg 
N/ha for both 45 and 135 kg N/ha plots. The 0 kg N/ha plots received fertilizer (0-24-
47
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
24) in the same amount. Two additional applications of ammonium nitrate (34% 
nitrogen) at the rate o f 45 kg N/ha were made for the 135 kg N/ha plots at 40 and 75 day 
after transplanting (DAT). Storage roots from the central row were harvested at 110 
DAT, cured (30°C, 90% relative humidity for 7 days), and stored at 15 ± 2°C.
Two leaf samples (blades only) were taken at 60 and 95 DAT, respectively in
1997. The samples were rinsed with deionized water, dried at 70°C, and ground to pass 
through a 20-mesh screen. Total N was determined using a FP-428 Nitrogen Analyzer 
(LECO).
Feeding and oviposition bioassay. After about 30-day’s storage, 4 similar size 
roots (sampling units) were randomly chosen from each plot and washed with tap water. 
The bioassay technique consisted of a 24-well tissue culture plate (12.5 x 8.5 x 2.0 cm) 
placed in a rectangular clear plastic container (17 x 12x6 cm). Cores were cut from 
selected roots with a cork borer ( 1.6-cm-diameter) and were inserted into the wells so 
that only the root periderm was exposed. Female adults (3-4 weeks old) were starved 
for 3 hours before being introduced into the arena at the rate of two weevils per root 
core. A moist cotton ball was placed in the container to maintain a high relative 
humidity to prevent root desiccation. At 24 hrs the number of feeding punctures was 
recorded, and at 48 hrs the number of eggs was counted. No-choice tests were 
conducted by presenting a single core cutting from one root in the arena. Choice tests 
were conducted by presenting 12 root cores in the arena, which were cut from one root 
of each treatment combination. Six field blocks were blocked into 6 consecutive weeks.
Larval survival and development bioassay. Sweetpotato weevils were reared 
individually in petri dishes by transferring single eggs to a root section (about 1.5 x 1.5
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X 1.5 cm) with a cavity (1-2 mm deep, cut by No.l cork borer) for its reception. Eggs 
were obtained by exposing storage roots to a large number o f female weevils for 24 hrs. 
A pair of forceps with sharp points was used to transfer the eggs to the root sections. 
Twelve days after the eggs were deposited, the root sections were examined to 
determine if eggs had hatched. Nonviable eggs or rotten root sections were discarded. 
Root sections were dissected to locate pupae at about 25 days after oviposition. Larval 
survival and pupal fresh weight were recorded. Two replications were conducted with 
sample sizes ranging from 19 to 32 eggs each. All bioassays were conduced under 
conditions o f 28 ± 2°C and 85 ± 10% relative humidity and total darkness. The insects 
used were from a colony maintained on Beauregard storage roots under the conditions 
mentioned above.
The data were analyzed using SAS general linear model procedure PROC GLM 
(SAS 1990) with a factorial treatment structure followed by Tukey’s procedure for 
mean separation. A square-root transformation was used for larval survival data to 
promote normality. Year effect was analyzed by pooling the two years’ data together 
with a nested treatment structure model. The significance level was a  = 0.05.
Results
Leaf concentration of total N. The concentration o f total N in leaves was 
significantly different among the nitrogen regimes (F =  7.25; df=  2,36; P = 0.0023) 
revealing that sweetpotato plants responded to applied N by absorbing more from the 
soil (Table 4.1). The total leaf N content for all tested genotypes increased with 
increasing level o f N applied.
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Feeding and oviposition. In the no-choice tests, nitrogen level did not have a
significant effect on the number of feeding punctures in both 1997 and 1998 (Table
4.2). The number o f eggs deposited was significantly affected by nitrogen in 1998, but
not in 1997. There was a significant difference in the number of feeding punctures
among the four cultivars in both 1997 and 1998. The number of eggs deposited was not
significantly affected by cultivar in 1997 but was significant in 1998.
Table 4.1. The means o f leaf nitrogen content (% N) o f four sweetpotato cultivars 
grown under three nitrogen levels in 1997. '
N treatment Beauregard Execl W-244 W-250
0 N kg/ha 4.04 ±0.12 3.26 ± 0.46 3.53 ±0.25 3.31 ±0.52
45 N kg/ha 4.08 ±0.12 3.36 ±0.22 3.62 ±0.35 3.40 ±0.31
135 N kg/ha 4.56 ±0.11 4.17 ±0.29 4.17 ±0.14 4.23 ±0.38
‘Mean ± SEM (n = 16)
In the choice tests, nitrogen level did not have a significant effect on the number 
of feeding punctures in both 1997 and 1998 (Table 4.2). The number o f eggs deposited 
was significantly affected by nitrogen in both years. There was a significant difference 
in the number o f feeding punctures and eggs deposited among the four cultivars for both 
years. No significant interaction effect between nitrogen and genotype was found in 
any of the counts.
Intermediate levels o f N were preferred for feeding and oviposition over the low 
and high N levels. SPW did not appear to discriminate between the low and high N 
levels. The performance o f the genotypes was generally consistent between the two 
years. In 1997, W-244 showed the highest level o f resistance, followed by Excel. The
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line W-250 was not significantly different from the susceptible check, Beauregard. In 
1998, W-244 again had the highest level o f resistance, with Excel and Sumor being 
close to W-244. Beauregard had significantly more eggs and feeding punctures than the 
other genotypes. The year effect was significant in the no-choice tests (both feeding 
and oviposition) but not significant in the choice tests (Table 4.2).
Larval survival and pupal weight. Nitrogen did not have a significant effect 
on larval survival and pupal weight (Table 4.3). Cultivar had a significant effect on 
larval survival but not on pupal weight. Weevils reared on Beauregard had a 
significantly higher rate of survival than weevils reared on the resistant genotypes. No 
nitrogen by cultivar interaction and year effect was found to be significant on larval 
survival and pupal weight.
Discussion
The influence of nitrogenous fertilizer applications on insect behavior, dynamics 
and plant resistance to pests has been studied for many species (Mattson 1980, McNeill 
& Southwood 1978, Tingey & Singh 1980). Insect response to N-fertilization seems to 
differ depending on host plant and insect species. Most studies show that insect 
damage, growth, fecundity, and population density increase with increased plant N, 
while about 25% o f studies indicate a negative correlation or are inconclusive (Scriber 
1984a). Some studies have shown that insects tend to prefer a particular level of 
nitrogen (Jansson & Smilowitz 1986, Prestidge 1982, Archer et al. 1982). The results 
o f our study indicate that the level of N influenced the number of eggs deposited by 
SPW. Weevils tended to prefer the medium level of N for depositing eggs. This trend
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Table 4.2. Main effects o f nitrogen and genotype on sweetpotato weevil adult feeding and oviposition under no-choice 
and choice test conditions in 1997 and 1998.
Main effects
No-choice test
No. feeding ' No. eggs ‘ 
punctures
1997
Choice test
No. feeding No. eggs 
punctures
1998
No-choice test
No. feeding No. eggs 
punctures
Choice test
No. feeding No. eggs, 
punctures
ON kg/ha 22.3±1.08 10.510.52 27.712.34 10.210.61 ab 30.012.45 9.710.56 b 31.212.82 9.910.66 ab
45 N kg/ha 23.7±1.19 10.710.48 28.812.46 11.010.56 a 31.212.06 11.110.47 a 32.813.19 10.810.51 a
135 N kg/ha 23.011.28 10.610.42 27.512.14 8.710.59 b 28.312.49 8.610.61 b 29.712.33 9.010.71 b
Beauregard 26.411.34 a 10.610.48 35.712.32 a 10.610.42 a 40.111.64 a 12.810.55 a 43.611.90 a 12.910.60 a
Excel 22.711.19 b 11.210.50 26.511.61 be 10.710.39 a 29.912.72 b 9.310.45 b 37.312.38 a 9.310.45 b
W-244 19.911.13 c 10.110.54 20.712.36 c 8.210.75 b 28.012.31 b 8.210.62 b 27.011.95 b 7.610.71 c
W-250/Sumor ' 22.911.39 b 10.610.64 29.212.96 ab 10.310.97 a 21.411.35 b 8.910.40 b 16.910.69 c 9.710.43 b
Significance ^
Nitrogen NS NS NS ** NS *** NS **
Genotype *** NS *** *» *** ♦ ♦♦ ♦ ♦♦
NitrogenxGenotype NS NS NS NS NS NS NS NS
Year *** * NS NS
‘ Mean ± SEM. Means followed by the same letter are not significantly different (P>0.05, Tukey). 
^The data were from W-250 in 1997 and from Sumor in 1998.
^NS, *, **, *** Not significant or significant at 0.05, 0.01, or 0.001 respectively.
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Table 4.3. The main effects o f nitrogen and genotype on sweetpotato weevil larval survival and pupal weight in 1997 and 1998.
%
Main effect Larval survival * 
(%)
1997
Pupal weight ' 
(mg)
1998
Larval survival 
(%)
Pupal weight 
(mg)
0 N kg/ha 92.0+2.65 7.44+0.11 91.111.57 7.5110.18
45 N kg/ha 88.5+2.98 7.6710.15 92.111.90 7.9310.09
135 N kg/ha 89.8+2.43 7.9810.17 92.412.14 7.4810.17
Beauregard 98.9+0.70 a 7.4910.22 98.111.31 a 7.2410.28
Excel 89.5+2.91 b 7.7710.17 89.811.43 b 7.6910.15
W-244 81.7+1.34 c 7.9610.21 89.911.86 b 7.8510.11
W-250/Sumor ‘ 90.2+1.41 b 7.5610.13 89.711.65 b 7.8710.09
Significance ^
Nitrogen NS NS NS NS
Cultivar *** NS * NS
N itrogenx Genotype NS NS NS NS
Year NS NS
* Mean ± SEM. Means followed by the same letter are not significantly different (P>0.05, Tukey).
 ^The data were from W-250 in 1997 and from Sumor in 1998.
 ^NS, *, **, *** Not significant or significant at 0.05, 0.01, or 0.001 respectively
was true regardless o f genotypes. Weevils did not show a feeding preference for N 
level.
Weevils placed on the resistant genotypes used in our study had lower feeding 
and oviposition rates and lower larval survival, with the exception of “W-250”. This 
suggests both antixenosis and antibiosis as the resistance mechanisms. N seemed to 
modify only the antixenosis component, since N did not significantly affect larval 
survival or pupal weight. N availability can alter the production o f secondary plant 
chemicals and thereby influence the activity o f herbivores (Haukioja et al. 1985, Scriber 
1984b). Boehmeryl acetate is a secondary plant compound, identified as a SPW 
ovipositional stimulant in sweetpotato root periderm (Son 1989). The amount of 
boehmeryl acetate has been correlated with oviposition (Wilson et al. 1989). Marti 
et ai. (1993) indicated that the N and K contents in sweetpotato leaves had effects on 
storage root surface chemistry. Therefore, the effect of N on oviposition observed in 
this study may be due to an alteration in the production of ovipositional stimulants. 
Further study should concentrate on the direct links between N level, ovipositional 
activity and the ovipositional stimulant.
SPW eggs are deposited in cavities resulting from feeding. It is natural to think 
that feeding and oviposition are closely related. Ratnayake (1995) has reported a 
positive correlation between these two. However, SPW feed on all parts o f the host 
plant but only deposit eggs on storage roots and basal parts o f the stem (Reinhard 1923). 
This suggests that different factors within the plant mediate feeding and oviposition 
behavior. Wilson et al. (1989) also indicated that feeding and/or egg cavity formation 
and oviposition might be stimulated by different cues. In our study, nitrogen affected
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the number o f eggs deposited but not the number o f the feeding pimctures, suggesting 
that SPW feeding and oviposition behaviors are mediated by different host plant cues as 
well.
In summary, nitrogenous fertilizer had an effect on SPW oviposition under both 
no-choice and choice testing conditions, but not on feeding preference. The oviposition 
level o f female weevils is a critical criteria used to compare the resistance levels o f 
genotypes. The nitrogen level o f plants during the growing season should be uniform 
so as to avoid any bias on the outcome of resistance bioassays. In addition, year 
appears to have an effect on weevil feeding and oviposition. Therefore, sweetpotato 
germplasm should be screened over multiple years before drawing conclusions about 
the presence or absence o f resistance.
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CHAPTER V
THE INFLUENCE OF DROUGHT STRESS AND MANUAL DEFOLIATION 
ON SWEETPOTATO RESISTANCE TO SWEETPOTATO WEEVIL, 
CYLAS FORMICARIUS (FAB.)
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Introduction
Sweetpotato, Ipomoea batatas L. (Lam.) is a valuable crop grown in more than 
100 countries (Woolfe 1992). Sweetpotato weevil (SPW), Cylas formicarius (Fab.), is 
an important constraint to sweetpotato production. This insect attacks sweetpotato in 
the field and during storage. The eggs are laid in storage roots or vines, and the larvae 
develop within the tissue. Larv'al feeding induces terpenoid production in the roots that 
imparts a bitter taste that renders even slightly damaged roots unfit for human 
consumption and animal feed (Chalfant et al. 1990, Uritani et al. 1975). The screening 
of and breeding for weevil-resistant sweetpotato cultivars has been attempted for many 
years, but little success has been achieved because of the unstable expression of the 
resistance (Collins et al. 1991). Wide variation in several traits o f the sweetpotato plant 
has been reported. These traits include yield, dry matter, carotenoid content, protein 
content, flavor components, intercellular space, and resistance to microorganisms (Clark 
& LaBonte 1992, Ezell & Wilcox 1958, Hammett 1974, Woolfe 1992). Identification 
of the environmental factors which influence the expression of resistance and the 
knowledge of the magnitude o f these sources of variation would provide a valuable step 
in the development of cultivars with stable weevil resistance.
Drought stress and mechanical damage are two common abiotic environmental 
factors affecting sweetpotato, which is often grown in a low input agricultural system.
It is widely recognized that herbivorous insects will respond to the physical and/or 
chemical changes in a host plant under drought stress (Holtzer et al. 1988). Manual 
defoliation is a type o f mechanical damage to plant tissues often used to simulate 
wounding by insect feeding. The damaged plants may respond to the wounding and
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hence affect the behavior and performance of associated insects (Edwards & Wratten 
1983, Smith 1988). Wound-induced resistance has been observed in many plant species 
against various insects (Karban & Baldwin 1997). Our study involved both field and 
laboratory experiments to investigate the impact o f drought stress and manual 
defoliation on SPW adult feeding, oviposition, larval survival, and larval development 
(pupal weight) on sweetpotato storage roots in association with two different genotypes 
that have different levels o f susceptibility to the sweetpotato weevil.
M aterials and Methods
The drought stress experiments were conducted at the Sweetpotato Research 
Station, Louisiana State University Agricultural Center, Chase, Louisiana during the 
1997 and 1998 growing seasons. The manual defoliation experiment was also 
conducted at Chase during the 1997 growing season. Cultivars “Beauregard” and 
“Excel” were chosen because Beauregard is susceptible to SPW, and Excel has shown a 
moderate level o f weevil resistance (Story et al. 1996). Uniform transplants were 
mechanically transplanted on June 30, 1997 and June 27, 1998 in a Gilbert silt loam 
with a pH o f 5.6. Each plant was spaced at 0.3 m intervals within rows on 1.0 m 
centered beds. Two weeks prior to transplanting the fields were fumigated with 
Telone™ C-17 ( 1,3-dicholropropene). Standard cultural practices were followed 
throughout the growing season (Boudreaux 1994).
Drought stress experiment The treatments were 2 x 2  factorial combinations 
o f drought stress (drought stressed and irrigated) by two cultivars (Beauregard and 
Excel) arranged in a randomized complete block design with four blocks. Each plot 
consisted o f four 25-plant rows. The drought stress treatment was initiated at 50 days
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after transplant (DAT) by constructing moveable rain shelters over all plots to exclude 
natural precipitation. The irrigated plots were watered within three weeks of transplant 
using drip tube (3.69 ml/min) to maintain a target water potential o f 10-20 cb, and 
concluded at harvest. In 1997, soil gravimetric water content was measured three times 
throughout the growing season. This was accomplished by collecting a 10 cm core of 
soil from each plot, measuring the wet weight, and then completely dry ing the soil at 
65°C and determining the dry weight. The difference between the wet and dry weight 
was used to calculate the water content. Storage roots were harvested at 120 DAT, 
cured (30°C, 90% relative humidity for 7 days), and stored at 15 ± 2°C. The vine dry 
weight and yield was estimated from 10 plants per plot.
Manual defoliation experiment. The treatments were 4 x 2  factorial 
combinations o f three defoliation treatments and a control (no defoliation) by two 
cultivars (Beauregard and Excel) arranged in a completely randomized block design 
with four blocks. Each plot consisted o f  three 20-plant rows. The defoliation 
treatments were the removal of 67% o f the leaf area from the plants at 45, 65, or 85 
DAT using a hand-held string trimmer. Leaf area reduction was verified using a LI- 
3000 leaf area meter. Storage roots were harvested at 120 DAT, cured (30°C, 90% RH 
for 7 days), and stored at 15 ± 2°C.
Feeding and oviposition bioassay. The bioassay technique consisted o f  a 24- 
well tissue culture plate (12.5 x 8.5 x 2.0 cm) placed in a rectangular clear plastic 
container ( 1 7 x 1 2 x 6  cm). Cores were cut from selected roots with a cork borer (1.6- 
cm-diameter) and were inserted into the wells so that only the root periderm was 
exposed. Female adults (3-4 weeks old) were starved for three hours before being
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introduced into the arena at the rate o f two weevils per root core. A moist cotton bail 
was placed in the container to maintain a high relative humidity to prevent root 
desiccation. At 24 hrs the number o f feeding punctures was recorded, and at 48 hrs the 
number o f eggs was counted. No-choice tests were conducted by presenting a single 
core cutting from one root in the arena. Choice tests were conducted by presenting four 
root cores or eight for defoliation experiment, which were cut from one root o f each 
treatment, in the arena. The tests started at about 30-days after harvest. Four similar 
sized roots (sampling units), which were randomly selected from each treatment, were 
used. Before testing the roots were washed with tap water and air dried. Four field 
blocks were blocked into four consecutive weeks for bioassays.
Larval growth and survival bioassay. Sweetpotato weevils were reared 
individually in petri dishes by transferring single eggs to a root section (about 1.5 x 1.5 
X 1.5 cm) with a cavity (1-2 mm deep, cut by No.l cork borer) for its reception. Eggs 
were obtained by exposing storage roots to a large number of female weevils for 24 hrs. 
A pair o f forceps with sharp points was used to transfer the eggs to the root sections. At 
12 days after the eggs were deposited, root sections were examined to determine if eggs 
had hatched. Nonviable eggs or rotten root sections were discarded. Root sections 
were dissected to locate pupae at about 25 days after oviposition. Larval survival and 
pupal fresh weight were recorded. Two replications were conducted with sample sizes 
ranging from 18 to 32 eggs each.
All bioassays were conducted under conditions o f 28 ± 2°C and 85 ± 10% 
relative humidity with total darkness. Insects used were from a colony maintained with 
Beauregard storage roots under the conditions mentioned above. The data (average of
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four sampling units) were analyzed by two-way analysis o f variance (ANOVA) using 
the general linear model procedure (GLM, SAS 1990). A square-root transformation 
was used for larval survival data to promote normality. The significance level for all 
analysis was a  = 0.05.
Results
Soil moisture and response of sweet potato to drought stress. The soil 
moisture o f drought stressed plots in 1997 was significantly lower than that o f  irrigated 
plots, indicating that the drought treatments were successful (Table 5.1). Drought stress 
significantly affected both vine and root biomass production of both cultivars. The 
more sever vine dry weight reduction for Excel accounted for the interaction effect. 
Yield reduction due to drought was similar between the two cultivars (Table 5.1).
Feeding and oviposition response to drought stress. For both cultivars. 
drought stress significantly increased SPW oviposition in no-choice tests and both 
feeding and oviposition in choice tests in 1997 experiments (Table 5.2). No drought 
stress effect was found in 1998 experiments (Table 5.2). In all cases, the susceptible 
cultivar “Beauregard” received more feeding punctures and eggs than that o f  Excel, but 
the significant differences appeared for feeding in 1997, and for feeding and oviposition 
in 1998 only under choice conditions. Drought stress and cultivar interaction was 
significant for feeding in choice tests in 1997. No interaction effect was significant in
1998.
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Table 5.1. The effects of drought stress on soil moisture, vine dry weight, and yield o f 
two sweetpotato cultivars in 1997.
Cultivar Drought' Soil moisture" 
(g/kg)
Vine dry wt." 
(g/plant)
Yield^
(ton/ha)
Beauregard 4- 21.10± 1.20 50.0 5.4
Beauregard 132.01 ±5.36 68.1 8.6
Excel + 25.66 ± 0.94 63.6 4.2
Excel
—
133.71 ±7.77 204.3 5.4
Significance^
Drought *** ** ***
Cultivar ns ** **
Drought X cultivar ns * ns
' "+■’ means drought stressed; means irrigated.
'  Mean ± SEM.
 ^ns, *, **, *** Not significant or significant at 0.05. 0.01 or 0.001, respectively.
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Table 5.2. The effects o f drought stress and cultivar on sweetpotato weevil adult 
feeding and oviposition under no-choice and choice test conditions in 1997 and 1998.
Cultivar Drought'
No-choice test 
Feeding" Oviposition"
Choice test 
Feeding Oviposition
Beauregard + 31.0 ±4.34
1997
9.3 ±1.14 51.6 ±5.50 9.6 ± 1.57
Beauregard 27.9 ±2.31 7.1 ±0.48 30.8 ± 1.45 8.3 ±0.71
Excel + 24.4 ± 1.14 8.8 ±0.56 26.8 ± 1.95 9.6 ± 1.60
Excel - 25.3 ±2.75 6.3 ±0.58 23.1 ± 1.15 6.1+0.63
Significance^
Drought (A) ns ** *** *
Cultivar (B) ns ns *** ns
A X B ns ns ** ns
Beauregard -t- 38.4 ±4.16
1998
12.4 ±0.95 46.6 ±5.98 12.1 ± l . l l
Beauregard _ 43.7 ± 5.74 13.2 ± 1.30 50.3 ± 1.66 11.9 ±0.68
Excel + 36.3 ±2.05 12.6 ± 1.24 35.2 ±4.30 10.6± 1.13
Excel — 32.3 ± 5.25 9.31 ±0.70 36.4 ± 4.94 8.4 ± 0 .93
Significance^
Drought (A) ns ns ns ns
Cultivar (B) ns ns * *
A X B ns ns ns ns
' “+” means drought stressed; means irrigated.
Mean ± SEM.
ns. *  * *  * * * Not significant or significant at 0.05,0.01 or 0.001, respectively.
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Larval survival and development in response to drought stress. Drought
stress significantly reduced larval survival in 1997 but not in 1998 (Table 5.3). No
significant drought effect was found on pupal weight in both years. The cultivar effect
on larval survival was significant in both years with higher survival on Beauregard.
Pupal weight was different between the two cultivars in 1997 but not in 1998. Drought
and cultivar interaction was significant for larval survival in 1997.
Table 5.3. The effects o f drought stress and cultivar on sweetpotato weevil larval 
survival and pupal weight reared on storage roots in 1997 and 1998.
1997- 1998-
Survival Pupal Survival Pupal
Cultivar Drought' (%) weight (mg) (%) weight (mg)
Beauregard + 95.4 ±2.57 7.20 ±0.11 94.5 ± 1.65 7.44 ± 0.39
Beauregard 97.4 ± 0.89 7.22 ±0.12 100.0 ±0.00 7.68 ± 0.27
Excel + 79.4± 1.19 7.57 ± 0.20 88.3 ±4.30 7.61 ±0.09
Excel — 91.4±0.13 7.84 ± 0.62 88.9 ±4.24 8.06 ±0.15
Significance^
Drought (A) ** ns ns ns
Cultivar (B) *** ** * ns
A X B * ns ns ns
* ‘‘+” means drought stressed; means irrigated.
■ Mean ± SEM.
 ^ns, *, **, *** Not significant or significant at 0.05, 0.01 or 0.001, respectively.
Feeding and oviposition response to the timing of manual defoliation. The
timing of defoliation had no significant effects on SPW feeding and oviposition in no­
choice tests and feeding in choice tests (P = 0.1090,0.3461, 0.3126, respectively), but 
had a significant effect on oviposition under choice conditions (P  = 0.0355) with a 
lower oviposition rate for 45 DAT treatment than that o f the others. Cultivar effect was
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significant for feeding under both no-choice and choice conditions (P = 0.0356, 0.0002, 
respectively) where Beauregard received more feeding punctures than Excel. No 
significant cultivar effect was found on oviposition (P = 0.1512, 0.0922, for no-choice 
and choice tests, respectively). Although some defoliation and cultivar interactions 
were shown in oviposition under choice conditions (Figure 5.1 ), none o f them was 
found significant.
Larval survival and development in response to the timing of manual 
defoliation. Manual defoliation did not have a significant effect on larval survival and 
pupal weight (Table 5.4). The cultivar effect was significant for larval survival but not 
for pupal weight. Weevils reared on '‘Excel’' had a significantly lower survival rate.
No significant interactions were foimd.
Discussion
The effect o f drought stress on sweetpotato weevil susceptibility was not 
consistent between the two years. All drought effects shown in 1997 diminished in 
1998. Most likely this was due to the unusually hot and dry conditions in the area in 
1998, which may have stressed the irrigated plots. Unfortunately, we did not have soil 
moisture and plant growth data for 1998 to support this speculation. Additional 
research is needed to clarify this ambiguity. The following discussion refers to the 
results of the 1997 study only.
As the most important environmental factor affecting plant growth and 
development, the impact o f water stress on plants and its subsequent consequences on 
herbivorous insects has drawn much attention. Numerous reports and reviews have 
been written on the subject with often conflicting results obtained with different insects
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Figure 5.1. The feeding and oviposition o f sweetpotato weevil on the storage roots produced by plants subject to the 
removal of 67% of leaf area at 45, 65, 85 days after transplant and a control (no defoliation) in no-choice and choice tests.
Table 5.4. The effects o f the timing of manual defoliation and cultivar on sweetpotato 
weevil larval survival and pupal weight reared on storage roots in 1997'.
Beauregard Excel
Defoliation" Survival
(%)
Pupal 
weight (mg)
Survival
(%)
Pupal 
weight (mg)
Control 96.9 ±0.15 7.57 ± 0.20 83.6 ±2.80 7.36 ± 0 .1 1
45 DAT 96.8 ± 3.23 7.27± 0.08 77.5 ± 2.50 6.70 ±0.17
65 DAT lOO.OtO.OO 6.95 ± 0.46 83.5 ±4.53 7.50 ±0.37
85 DAT 98.4 ± 1.61 7.33 ± 0.05 80.9 ±0.91 7.41 ±0.05
Significance^
Defoliation ns ns
Cultivar *** ns
Drought X cultivar ns ns
' Mean ± SEM.
"The timing of defoliation, e.g. 45, 65, and 85 days after transplant. Control had no 
defoliation.
3 ns, *** Not significant or significant at O.OOl.
and host plants (Holtzer et al. 1988, Koricheva et al. 1998). Drought is often associated 
with heavy insect damage (White 1969, Kelly 1917). There are several explanations for 
this ecological consequence, including tliat it is due to a higher insect density resulting 
from higher plant nutritional quality, stressed plants provide a more favorable micro­
environment, and the plant’s defense systems are diminished (White 1974, Mattson & 
Haack 1987). More recent studies regarding the effect o f plant drought stress have 
focused on changes in host suitability for insect performance and have found reduced 
suitability of many drought-stressed plants for various plant-eating insects. Lower 
feeding rate, reduced oviposition level, longer development time, higher mortality, and 
lower fecimdity have been observed for the soybean looper, Pseudoplusia includens
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(Walker) (Lambert & Heatheriy 1991), Mexican bean beetle, Epilachna varivestis 
Mulsant (McQuate & Conner 1990), and potato leafhopper, Empoasca fabae (Harris) 
(Hoffman et al. 1990, 1991) when fed on drought-stressed plants. A reduced feeding 
rate on drought-stressed plants may be due to an increase in the nutritional quality of the 
host plant (Abisgold et al. 1994, Isaacs et al. 1998). In general, the nutrient value o f a 
plant is increased when the plant is drought stressed (Holtzer et al. 1988). However, 
there are other chemical and/or physical changes in plants that are drought stressed. For 
example, drought stress increases the production o f secondary plant compounds, many 
of which are detrimental to the insect and consequently result in a reduction in 
oviposition level, longer larval development, higher mortality, and lower fecundity 
(Hotlzer et al. 1988, Gershenzon 1984). A sweetpotato storage root is a complex 
organism possessing a variety o f chemical compounds. Environmental effects on yield, 
dry matter, nutrient content, flavor components, and secondary metabolites have been 
widely reported (Hammett 1974, Collins et al. 1987, Marti et al. 1993, Woolfe 1992, 
Thompson et al. 1992). In addition, some sweetpotato cultivars possess antibiosis to the 
banded cucumber beetle, Diabrotica balteata Le Conte (Schalk & Dukes 1986). Resin 
glycosides extracted from the periderm of sweetpotato storage root show an antibiosis 
effect on diamondback moth, Pliitella xylostella L. (Peterson et al. 1998). Effects of 
volatile chemicals from sweetpotato on SPW behavior have also been documented 
(Starr et al. 1991), and a SPW oviposition stimulant has been identified in the periderm 
tissue o f sweetpotato storage roots (Wilson et al. 1991). All o f these chemicals may be 
subject to the effects of various environmental factors, including drought. In our study, 
drought stress resulted in a higher feeding and oviposition rate and lower larval survival
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rate. This suggests that drought stress can induce some biochemical changes in the 
storage roots that stimulate SPW feeding and oviposition and increase the effect o f the 
antibiosis.
Sweetpotato plants are commonly defoliated by insects. The reduction o f leaf 
area will affect marketable yield (Rolston & Riley 1983). When leaves are removed, 
plants suffer mechanical damage that may induce rapid, large-scale changes in 
metabolism and hence alter the susceptibility of plants to herbivorous insects (Smith 
1988, Wagver & Evaus 1985, Karban & Baldwin 1997). Phytoalexins were induced 
when mechanical damage or insect and pathogen attack occurred to sweetpotato 
(Akazawa et al. 1960, Uritani 1975). SPW larval survival was different between the 
two cultivars that we tested indicating the presence of antibiosis. We found no 
defoliation effect on larval survival and development, which suggests that the timing 
and the intensity of defoliation treatment in this study had no effect on the antibiosis 
component(s) in storage roots. A significantly lower oviposition rate on 45 DAT 
defoliation treatment under the choice condition might indicate changes in oviposition 
stimulant present in the periderm tissue o f storage roots.
In summary, our study has shown that drought and defoliation stresses may alter 
the susceptibility o f sweetpotato to the sweetpotato weevil. The effect is more 
pronounced for oviposition, which is important since the larvae are internal feeders and 
normally will stay in one place. This information is valuable for both understanding the 
variations in sweetpotato weevil resistance expression, and for managing the insect. 
Further studies should concentrate on confirming the effect o f drought and defoliation 
on SPW behavior and survival, and finding a link between the effect o f stress and
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potential chemical component(s). The ultimate effect on weevil population dynamics 
should also be investigated to access the impact of resistant cultivars on population 
management strategies.
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CHAPTER VI
EFFECTS OF ROOT AND FOLIAGE INSECT DAMAGE ON SWEETPOTATO 
[IPOMOEA BATATAS (L.) LAM.| RESISTANCE TO THE SWEETPOTATO 
WEEVIL [CYLAS FORMICARIUS (FAB.)|
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Introduction
In any ecosystem, herbivorous insects rarely encounter host plants that are free 
of other herbivores. The presence or damage o f one insect species often influences the 
feeding, oviposition, survivorship, and development o f other herbivore insect species 
through the induction of chemical, physical, or phonological responses in the plants 
(Karban & Baldwin 1997). Induced resistance has been documented in many insect- 
plant systems where plants respond to herbivory by reducing the suitability o f their 
tissue to subsequent herbivores (Edwards & Wratten 1983, Raupp & Denno 1984, 
Karban & Myers 1989, Olson & Roseland 1991). On the other hand, herbivory by 
insects in some cases may increase plant susceptibility and stimulate insect population 
growth (Williams & Myers 1984, Gange & Brown 1989, Feath 1992, Messina et al. 
1993).
Sweetpotato weevil, Cylas formicarius (Fab.), is the most destructive insect pest 
o f sweetpotato [Ipomoea batatas L. (Lam.)] in the world. It attacks storage roots 
directly in the field and during storage. The internally feeding larvae induce terpenoid 
production in the roots that imparts a bitter taste in damaged roots and renders them 
unfit for human consumption and animal feed (Uritani et al. 1975, Chalfant et al. 1990). 
For many decades researchers have attempted to develop cultivars resistant to the 
weevil, but little success has been achieved partly because o f the inconsistency of the 
expressed resistance (Talekar 1987, Collins 1991). The sweetpotato has a rich and 
diverse insect fauna. At least 270 insect species are reported to feed on the plant 
(Talekar 1992). Some o f them cause damage to the storage roots by directly feeding on 
them in the field and in storage, while others reduce yield indirectly through defoliation
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or vine boring. Damage by root and foliage feeding insects is very likely to affect the 
suitability o f the sweetpotato plant to the weevil. However, no previous study has been 
conducted in this area.
Our objective was to determine whether root feeding by banded cucumber beetle 
larvae and defoliation by Spodoptera latifascia (Walker) larvae during the growing 
season would affect the suitability of sweetpotato storage roots to SPW. The root 
feeding and defoliation treatments were implemented in the field. SPW adult feeding, 
oviposition, larval survival and development (pupal weight) on harvested storage roots 
were evaluated in the laboratory. Treatment and genotype interaction were also tested 
by using different genotypes (susceptible or resistant to SPW) as subplots. Banded 
cucumber beetle (BCD), Diabrotica balteata LeConte, was chosen because it belongs to 
a complex of soil insect species that damage sweetpotato roots during the production 
season. The larvae feed on the roots o f many plants and are an important sweetpotato 
pest in the southern United States (Saba 1970, Schalk et al. 1991). Spodoptera larvae, 
often called armyworms (AW), are polyphagous and frequently cause extensive 
defoliation damage to many ornamental plants and agricultural crops. Spodoptera 
latifascia is one o f nine species of Spodoptera in the United States (Levy & Habeck 
1976). It was chosen for this study due to its abundance in sweetpotato fields during 
both the 1997 and 1998 growing seasons.
M aterials and Methods
Field experiment. Field experiments were conducted at Burden Research 
Plantation, Louisiana State University, Baton Rouge, Louisiana using a complete 
randomized split-plot design during 1997 and 1998 growing seasons. Sweetpotato slips
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were planted into 1.0 m wide rows with a space of 0.3 m between plants. Six 
replications of two insect treatments and two controls as main treatment levels were 
randomly applied to 24 main plots arranged in a row. They were (1) root damage by 
banded cucumber beetle (BCB), (2) defoliation by Spodoptera latifascia (AW), (3) cage 
only control, and (4) no cage control. Plots of the first three levels were covered by 
saran cages (1.8 x 1.8 x 1.8 m) to confine the introduced insects and exclude others. 
Within each main plot, four three-plant subplots were randomly arranged in two rows 
and planted with “Beauregard”, “Excel”, “W-250”, and “W-244” slips on June 26,
1997. In 1998, “Sumor” was used in the place of W-250 and all slips were planted on 
July 17 with a new randomization plan for both main-plots and subplots. Banded 
cucumber beetle adults collected from sweetpotato fields were released into the 
designated cages during the growing season. In 1997. 144 adults per BCB cage were 
collected and released in about a 30-day period beginning at 40 days after transplant 
(DAT), while 96 adults per BCB cage were collected and released during the same time 
period in 1998. For the AW treatment, about 150 of 2"‘^ or 3'^ '^  xnsvai Spodoptera 
latifacia larvae collected from nearby sweetpotato fields were released into each AW 
cage at about 40 DAT. The plants were inspected visually at least twice weekly to 
assess AW population development and to determine whether to add or remove some of 
the larvae in order to reach a visual defoliation rate of 90% leaf area removal. Control 
plots received insecticide applications weekly to prevent any unwanted damage. All 
storage roots were harvested by hand at 116 DAT in 1997 and at 111 DAT in 1998, then 
cured (30°C, 90% relative humidity for 7 days) and stored at 15 ± 2°C for laboratory 
bioassays.
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Feeding and oviposition bioassay. After about 30-day’s storage, four roots 
(sampling units) with similar size were chosen from each plot, washed with tap water, 
and air dried for testing. The bioassay technique consisted o f a 24-well tissue culture 
plate (12.5 X 8.5 x 2.0 cm) placed in a rectangular clear plastic container ( 1 7 x 1 2 x 6  
cm). Cores were cut from selected roots with a cork borer (1.6-cm-diameter) and were 
inserted into the wells so that only the root periderm was exposed. Female adults (3-4 
weeks old) were starved for three hours before being introduced into the arena at the 
rate o f two weevils per root core. A moist cotton ball was placed in the container to 
maintain a high relative humidity to prevent root desiccation. At 24 hrs, the number of 
feeding punctures was recorded, and at 48 hrs, the number o f eggs was counted. No­
choice tests were conducted by presenting a single core cutting from one root in the 
arena. Choice tests were conducted by presenting 16 root cores in the arena, which 
were cut from one root of each treatment. Replications in field were blocked into 
consecutive weeks.
Larval growth and survival bioassay. Sweetpotato weevils were reared 
individually in petri dishes by transferring single eggs to a root section (about 1.5 x 1.5 
X 1.5 cm) with a cavity (1-2 mm deep, cut by No.l cork borer) for its reception. Eggs 
were obtained by exposing storage roots to a large number o f female weevils for 24 hrs. 
A pair o f  forceps with sharp points was used to transfer the eggs to root sections. At 12 
days after the eggs were deposited, root sections were examined to determine if eggs 
had hatched. Non-viable eggs or rotten root sections were discarded. Root sections 
were dissected to locate pupae at about 25 days after oviposition. Larval survival and
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pupal fresh weight were recorded. Two replications were conducted with sample sizes 
ranging from 19 to 32 eggs each.
All bioassays were conducted under conditions o f 28 ± 2°C and 85 ± 10% 
relative humidity with total darkness. SPW used were from a colony maintained on 
storage roots o f cultivar Beauregard under the conditions mentioned above. Female 
adults 3-4 weeks old were selected for the bioassays to ensure adequate egg-laying 
capability (Wilson et al. 1988). Data for were analyzed using SAS mixed linear model 
analysis of variance (PROC MIXED) followed by Tukey’s procedure for mean 
separation (SAS 1990). Contrast statements were used to test cage effect. A square- 
root transformation was used for larval survival data to promote normality. The 
significance level was a  = 0.05.
Results
Feeding and oviposition. In 1997, both root and foliage feeding increased the 
number of eggs deposited under no-choice and choice conditions, although the main 
treatment effect was not significant (Table 6.1 ). Insect feeding also had a tendency to 
increase the number o f feeding punctures by SPW under choice conditions, but again no 
significant effect was found. The genotype effect was significant on feeding pimcture 
under both testing conditions and was significant for oviposition only in no-choice tests. 
W-244 and Excel had fewer feeding punctures and eggs than that o f Beauregard and 
W-250. Treatment by genotype interaction was not significant (Table 6.1, Figure 6.1).
The same trend was shown for the main treatment effect in 1998. Both feeding 
and oviposition rates o f SPW were raised by insect damage treatments with a significant 
increase for oviposition under the choice conditions. No significant difference was
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Table 6.1. The effect o f banded cucumber beetle and armworm feeding on sweetpotato weevil adult feeding and oviposition behavior 
on four sweetpotato genotypes in 1997 and 1998.
Main treatments
No-choice test
No. feeding' No. eggs' 
punctures
1997
Choice test
No. feeding No. eggs 
punctures
No-choice test
No. feeding No. eggs 
punctures
1998
Choice test
No. feeding No. eggs, 
punctures
BCB- 22.611.43 8.810.55 24.811.67 8.910.50 27.312.00 9.910.48 36.512.54 9.810.33 ab
AW^ 19.711.33 8.510.58 25.211.95 9.110.47 28.712.00 10.510.51 35.912.78 10.610.32 a
Cage only 24.111.06 8.010.33 24.411.48 6.510.37 27.311.97 8.810.54 33.012.61 8.510.58 b
No cage 20.311.44 8.010.52 21.911.33 7.610.53 26.811.87 9.310.74 32.013.37 8.910.55 b
Significance^
Main treatment (A) NS NS NS NS NS NS NS **
Genotype (B) *** ** NS *** *** ***
A X B NS NS NS NS NS * NS **
Cage vs no cage NS NS NS NS NS NS NS NS
' Mean ± SEM (n=24). Means followed by the same letter are not significantly different (P>0.05, Tukey). 
 ^BCB= Banded cucumber beetle, AW=armyworm.
3iiNS, *, **, *** Not significant or significant at 0.05, 0.01, or 0.001 respectively.
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Figure 6.1. The feeding and oviposition o f sweetpotato weevil on the storage roots produced by plants subject to army worm 
(AW) and banded cucumber beetle (BCB) feeding, or controls with and without cages, in no-choice and choice tests in 1997. 
Error bars are SEM.
detected between the two insect treatments (Table 6.1). The genotype effect was highly 
significant for all categories where Beauregard received more feeding and oviposition 
than the other genotypes. In contrast to 1997, the treatment by genotype interaction was 
significant for oviposition in both no-choice and choice tests in 1998 (Table 6.1, Figure 
6.2). No cage effect was detected (Table 6.1 ).
Larval survival and development. In both 1997 and 1998, the main treatment 
effects showed no effect on larval survival and pupal weight (Table 6.2). Larval 
survival was significantly different among genotypes with lower survival for resistant 
genotypes (Excel, W-244, and Sumor). W-250 was not significantly different from 
Beauregard. No genotype effect was detected for pupal weight. Treatment by genotype 
interaction was not significant for larval survival and pupal weight (Table 6.2).
Discussion
Although no yield data were taken, it was obvious that the defoliation plots 
produced storage roots that were much smaller in size compared to controls. The 
banded cucumber beetle treatment also caused visible damage on some of the harvested 
storage roots. A cage effect was not detected in any tests. This suggests that the effects 
obtained in these experiments were truly the results o f the treatments. The resistant and 
susceptible genotypes used in this study were previously identified in earlier studies 
(Retnayake 1995, Story et al. 1996, Story et al. 1999a, b. Chapter III). We found that 
the tested resistant genotypes, except for “W-250”, had lower feeding, oviposition, and 
larval survivorship when compared with the susceptible genotype Beauregard, 
indicating both antixenosis and antibiosis contributed to the SPW resistance. Excel 
(W-221) and Sumor (W-201) were two cultivars having resistance to multiple insect
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Error bars are SEM.
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Table 6.2. The effect o f banded cucumber beetle and armworm feeding on sweetpotato weevil larval survival and pupal 
weight on four sweetpotato genotypes in 1997 and 1998.
1997 1998
Main effect Larval survival ' Pupal weight ' Larval survival Pupal weight
(%) (mg) (%) (mg)
BCB- 9 I.7 ± 2 .1 8 7.78 ±0.17 93.9 ± 2.06 7.45 ± 0.06
A W - 92.5 ± 2.42 7.23 ±0.14 93.5 ± 1.70 7.43 ±0.12
Cage only 94.4 ± 1.31 7.00 ±0.18 93.6 ± 1.76 7.43 ±0.15
No cage 91.7+1.67 7.38 ±0.17 93.2 ±1.49 7.41 ±0.11
Beauregard 98.0 ± 0.87 a 7.21 ±0.10 99.0 ± 0.64 a 7.34 ±0.12
Excel 91.3 ± 1.56 be 7.59 ±0.16 92.8 ± 1.59 b 7.38 ±0.07
W-244 87.2 ± 1.86 c 7.48 ± 0.20 90.2 ± 1.00 b 7.48 ± 0.06
W-250/Sumor ^ 93.8 ± 0.73 ab 7.10 ±0.24 92.2 ± 1.52 b 7.54 ±0.11
Significance ^
Main treatment (A) NS NS NS NS
Genotype (B) ** NS *** NS
A X B NS NS NS NS
Cage vs no cage
1 .  , ____  . M / ___ o x
NS NS NS NS
Mean ± SEM (n=8). Means followed by the same letter are not significantly different (P>0.05, Tukey).
' BCB= Banded cucumber beetle, AW=annyworm.  ^The data were from W-250 in 1997 and from Sumor in 1998.
NS, *, **, *** Not significant or significant at 0.05, 0.01, or 0.001 respectively.
pests and plant diseases (Dukes et al. 1987, Jones et al. 1989). Story et ai. (1996) first 
noticed their resistance to SPW and documented that this resistance was fairly 
consistent over a three-year period (Story et al. 1999a, b, c). The data in this study 
confirmed the presence of resistance in these two genotypes. Ratnayake (1995) 
categorized “W-250” as moderately resistant to SPW. Story et al. (1999a) also showed 
that this genotype had lower SPW intestations in no-choice whole root laboratory 
bioassays. However, we failed to find any reduction in adult feeding, oviposition, and 
larval survival associated with this genotype in 1997. suggesting that the resistance was 
unstable. The whole root laboratory bioassay studies conducted by Story et al. (1999a, 
b, c) over a three-year period also showed the unstable nature of resistance in “W-250”.
There is little doubt that herbivory by insects has the potential to induce changes 
in host plants that are detrimental or beneficial to subsequent herbivores by influencing 
their feeding behavior, survival, development, and reproduction. The direction of the 
influence varies with insect and plant species involved. Induced resistance by insect 
feeding or mechanical damage has been documented in many insect-plant systems 
where insects were adversely affected (Karban & Myers 1989. Karban & Baldwin 
1997). For example, the feeding rate o f Spodoptera littoralis larvae on wounded tomato 
plants was significantly reduced (Edwards et al. 1985). A leaf beetle, Plagiodera 
versicolora, produced few eggs and smaller adults in a longer developmental period on 
damaged willow leaves when compared with individuals that fed on undamaged leaves 
(Raupp & Denno 1984). Feeding by flea beetles, Phyllotreta criiciferae (Goeze), 
induced antixenosis in oilseed Brassica crops (Palaniswany & Lamb 1993). Along with 
the numerous findings o f wound-induced plant resistance, feeding by insects or artificial
86
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
mechanical damage to plants was also found to improve the performance of herbivores 
in some systems. Higher population growth and lower mortality on previously 
defoliated host plants were found for Russian wheat aphid, Diuraphis noxia 
(Mordvilko) (Messina et al. 1993). Fall webworm, Hyphantria cunea (Drury) 
preformed better on red alders that had previous herbivore attacks (Williams & Myers 
1984). Our finding of elevated SPW oviposition after root and foliage feeding occurred 
agreed with these reports. Additionally, the inducible effect on sweetpotato weevil was 
likely to vary among genotypes since the interaction effect in our study was significant 
in 1998. Ipomoea purpurea, a close relative o f sweetpotato, has induced resistance to 
both its generalist and specialist insect feeders (Rausher et al. 1993). The study found 
that prior insect damage induced changes in plant foliage and adversely affected the 
performance of Spodoptera eridania larvae and the feeding preference o f flea beetles.
In our study, root feeding and defoliation on sweetpotato plants appeared to increase 
SPW feeding and oviposition, with no evidence of induced resistance.
Plant induced effects on herbivorous insects have been explained by physical 
and/or chemical responses in plants such as changes in cell wall structure, nutritional 
quality and water content, or allelochemistry (Raupp & Denno 1984, Harrison &
Karban 1986, Smith 1988). Broadway et al. (1986) reported that feeding by beet 
armyworm, Spodoptera exigua (Hubner), reduced the quality of tomato plants by 
invoking proteinase inhibitors in the plants. Faeth ( 1992) showed that the water and 
protein contents in newly grown foliage after defoliation were greater and had higher 
herbivory levels compared to the control. Feeding by the squash beetle, Epilachna 
borealis (Fab.), on Zucchini triggered an allelochemical change in leaves that
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negatively affected the beetle’s fitness (Tallamy 1985). SPW has a strong response to 
plant volatiles (Starr et al. 1991). An oviposition stimulant, boehmeryl acetate, was 
identified in the periderm tissues o f storage roots (Son 1989, Wilson et al. 1991). Resin 
glycosides extracted from the periderm tissues have antibiosis effects on the 
diamondback moth, Plutella xylostella L. (Peterson et al. 1998) and the banded 
cucumber beetle (Peterson & Schalk 1990). Therefore, the differences in susceptibility 
of the weevil may be largely due to chemical differences among genotypes, which could 
result in variation in initial attraction, host selection, and the weevils' success in 
utilizing the plants, or a combination o f these factors (Starr et al. 1991, Peterson & 
Harrison 1992). From the chemical point o f view, our results suggest that herbivory by 
other insects during the growing season triggers changes in sweetpotato storage roots 
that increase the oviposition stimulant in amount and/or in efficiency, or decrease 
unidentified deterrent(s) in amount and/or in efficiency. However, herbivory seems to 
have no effect on antibiosis component(s).
Gange and Brown (1989) studied the effect of root feeding by an insect on a 
foliar feeding insect. They found that root herbivory by larvae of the scarabaeid, 
Phyllopertha horticola (L.) on Capsella bursa-pastoris increased the suitability o f the 
plant to an aphid. Aphis fabae  Scopoli. The aphids fed on root damaged plants had an 
increase in weight, growth rate, fecundity, and adult longevity. The effects were 
attributed to an improvement in food quality, measured by total soluble nitrogen, and 
caused by amino acid mobilization due to water stress. Root feeding may cause water 
stress in many plants (Ridsdill Smith 1977, Ladd & Buriff 1979, Goldson et al. 1987). 
White (1984) believed that water stress was likely to increase the amoimt of available
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nitrogen in plant tissues, and that such increased nitrogen levels could have important 
effects on herbivorous insects. Although BCB larvae are known to feed on sweetpotato 
storage roots, they probably feed on the fibrous roots of sweetpotato as well as the 
storage roots since they are known to feed on the fibrous root system of com, beans, and 
cucurbits (Saba 1970). It is possible that BCB feeding in this study induced water stress 
in the sweetpotato plants and hence affected the suitabilit}' o f the storage roots to SPW. 
The fact that water stress had the same kind of effect on SPW ovipositon (Chapter VI) 
may give support to this speculation.
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CHAPTER VII
SUMMARY
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The development of sweetpotato cultivars with resistance to the sweetpotato 
weevil (SPW) has been a long time goal o f many sweetpotato researchers. However, 
not a single cultivar with commercially adequate sweetpotato weevil resistance has been 
developed after several decades of effort. Progress towards the development of 
resistant cultivars would be facilitated by a better understanding of resistance 
mechanisms and the influence of the environment on the expression of resistance. The 
objectives of our studies addressed the levels o f antixenosis and antibiosis resistance in 
several sweetpotato genotypes against the sweetpotato weevil under laboratory 
conditions, and the effects o f several environmental factors on sweetpotato weevil 
resistance. Many biotic and abiotic environmental factors are known to influence the 
expression of host plant resistance to insects. The factors examined here were: 1) the 
effects o f storage time and production site; 2) the effects of nitrogenous fertilizer; 3) the 
effects of drought stress and manual defoliation; and 4) the effects o f root and foliage 
insect damage.
To determine the levels of antixenosis resistance, adult feeding and oviposition 
tests were conduced under no-choice and choice conditions. The relative levels of 
antibiosis resistance were determined using the criteria of larval survival and pupal 
weight, which were obtained by rearing the weevils individually from egg to pupa. 
Lower feeding and oviposition levels were found on resistant genotypes, namely 
“Excel”, “Sumor”, and “W-244”, indicating that feeding and oviposition deterrence is a 
significant component o f resistance in these sweetpotato genotypes. The deterrent 
effect was present under both no-choice and choice conditions. The relative levels o f 
antibiosis resistance were determined using the criteria o f larval survival and pupal
94
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weight. Lower larval survival was found on resistant genotypes. No pupal weight 
difference was found among genotypes. These results suggest that some antixenosis 
and antibiosis characteristics are available in sweetpotato genotypes and are expressed 
against the sweetpotato weevil. The level of the resistance is determined by a 
combination o f at least these two resistance categories.
Both storage time and production site had some effect on sweetpotato weevil 
feeding and oviposition. As storage time lengthened, the level o f feeding and 
oviposition on the resistant genotypes became higher or lower, depending on the 
particular genotypes, while the susceptible genotypes remained unchanged.
Sweetpotato weevil’s feeding and oviposition behavior on resistant genotypes was 
affected by the location o f the production site. This difference may represent the effect 
of a set o f environmental factors in each of the different geographical locations. By 
looking at the effect of different environmental factors separately, we found that 
nitrogenous fertilizer, drought stress, the timing of manual defoliation, and previous 
root and foliage feeding by other insects during the growing season all had an effect on 
sweetpotato weevil resistance. These factors influenced oviposition level and/or larval 
survivorship in the storage roots. Among the tested environmental factors, drought 
stress was the most influential. It significantly affected sweetpotato weevil adult 
feeding, oviposition, and larval survival. Nitrogen availability, manual defoliation, and 
previous root and foliage damage only affected oviposition. The significant treatment 
by genotype interaction in some situations suggests that the genotypes respond to 
environmental stresses differently as indicated by differential resistance expression to 
sweetpotato weevil.
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The relationships between phytophagous insects and their host plants are subtle. 
Even slight changes in the physical or chemical attributes of plants can significantly 
alter their suitability for insects. Our study indicates that the sweetpotato weevil and 
sweetpotato plants are sensitive to environmental changes and the oviposition level of 
the sweetpotato weevil is affected by the environment. The oviposition level of the 
sweetpotato weevil on storage roots is an important indicator of host plant resistance 
and has been used in many sweetpotato weevil resistance evaluations. The sensitivity 
of sweetpotato weevil oviposition to environment may explain some o f the 
inconsistency in the resistance reported by many sweetpotato breeders. In general, 
before a bioassay is used to evaluate resistance, the abiotic and biotic factors that 
influence the outcome should be identified and controlled. The results o f our research 
indicate that sweetpotato breeders need to standardize their field conditions to reduce 
much of the variation that may interfere with the process of selecting sweetpotato 
weevil resistant cultivars.
The plant's physical and chemical makeups are very important in insect-plant 
interactions. Further study should concentrate on elucidating the structural and/or 
chemical differences that underlie the observed antixenosis and antibiosis resistance and 
the environmental effects on the level of resistance expressed. Novel bioassay methods 
that will consistently identify sweetpotato weevil resistance are needed.
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APPENDIX A
RESIN GLYCOSIDE AND CAFFEIC ACID CONTENT IN THE PERIDERM
TISSUES OF STORAGE ROOTS OF THE NITROGEN STUDY (CHAPTER IV)
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Nitrogen
level Genotype Block
Resin glycoside 
(%DW)
Caffeic acid 
(%DW)
0 kg N/ha Beauregard
1997
1 2.087 0.265
0 kg N/ha Beauregard 2 1.512 0.292
0 kg N/ha Beauregard 3 2.104 0.289
0 kg N/ha Beauregard 4 3.392 0.358
0 kg N/ha Beauregard 5 2.852 0.313
0 kg N/ha Beauregard 6 1.446 0.258
45 kg N/ha Beauregard 1 2.867 0.242
45 kg N/ha Beauregard 2 1.780 0.306
45 kg N/ha Beauregard 3 1.281 0.400
45 kg N/ha Beauregard 4 1.732 0.306
45 kg N/ha Beauregard 5 1.300 0.636
45 kg N/ha Beauregard 6 1.424 0.385
135 kg N/ha Beauregard 1 2.509 0.277
135 kg N/ha Beauregard 2 1.282 0.409
135 kg N/ha Beauregard 3 3.187 0.396
135 kg N/ha Beauregard 4 0.967 0.381
135 kg N/ha Beauregard 5 2.049 0.370
135 kg N/ha Beauregard 6 1.328 0.368
0 kg N/ha Excel 1 5.480 0.399
0 kg N/ha Excel 2 5.193 0.240
0 kg N/ha Excel 3 3.510 0.233
0 kg N/ha Excel 4 3.755 0.402
0 kg N/ha Excel 5 4.730 0.323
0 kg N/ha Excel 6 3.540 0.339
45 kg N/ha Excel 1 5.740 0.275
45 kg N/ha Excel 2 4.759 0.419
45 kg N/ha Excel 3 3.739 0.410
45 kg N/ha Excel 4 4.209 0.409
45 kg N/ha Excel 5 5.469 0.442
45 kg N/ha Excel 6 4.151 0.341
135 kg N/ha Excel 1 4.959 0.398
135 kg N/ha Excel 2 4.568 0.438
135 kg N/ha Excel 3 4.584 0.405
135 kg N/ha Excel 4 3.022 0.395
135 kg N/ha Excel 5 3.901 0.441
135 kg N/ha Excel 6 2.908 0.398
0 kg N/ha W-244 1 2.728 0.112
0 kg N/ha W-244 2 3.247 0.163
0 kg N/ha W-244 3 2.331 0.214
0 kg N/ha W-244 4 3.176 0.394
0 kg N/ha W-244 5 3.452 0.373
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Nitrogen
level Genotype Block
Resin glycoside 
(%DW)
Caffeic acid 
(%DW)
0 kg N/ha W-244 6 1.717 0.409
45 kg N/ha W-244 1 2.497 0.176
45 kg N/ha W-244 2 3.630 0.133
45 kg N/ha W-244 3 2.657 0.279
45 kg N/ha W-244 4 1.881 0.438
45 kg N/ha W-244 5 1.804 0.255
45 kg N/ha W-244 6 2.841 0.259
135 kg N/ha W-244 1 2.627 0.200
135 kg N/ha W-244 2 3.572 0.208
135 kg N/ha W-244 3 1.738 0.319
135 kg N/ha W-244 4 2.590 0.342
135 kg N/ha W-244 5 3.672 0.386
135 kg N/ha W-244 6 1.579 0.132
0 kg N/ha W-250 1 0.589 0.387
0 kg N/ha W-250 2 0.363 0.253
0 kg N/ha W-250 3 0.694 0.394
0 kg N/ha W-250 4 0.641 0.468
0 kg N/ha W-250 5 0.441 0.399
0 kg N/ha W-250 6 0.181 0.305
45 kg N/ha W-250 1 1.292 0.347
45 kg N/ha W-250 2 0.792 0.428
45 kg N/ha W-250 3 0.779 0.307
45 kg N/ha W-250 4 0.756 0.468
45 kg N/ha W-250 5 0.472 0.397
45 kg N/ha W-250 6 0.337 0.354
135 kg N/ha W-250 1 0.570 0.480
135 kg N/ha W-250 2 0.363 0.418
135 kg N/ha W-250 3 0.509 0.479
135 kg N/ha W-250 4 0.241 0.412
135 kg N/ha W-250 5 0.391 0.496
135 kg N/ha W-250 6
1998
0.370 0.367
0 kg N/ha Beauregard 1 0.459 0.420
0 kg N/ha Beauregard 2 0.879 0.442
0 kg N/ha Beauregard 3 2.964 0.475
0 kg N/ha Beauregard 4 0.992 0.410
0 kg N/ha Beauregard 5 1.237 0.261
0 kg N/ha Beauregard 6 1.505 0.428
45 kg N/ha Beauregard 2 0.880 0.486
45 kg N/ha Beauregard 5 1.396 0.248
45 kg N/ha Beauregard 6 1.687 0.328
135 kg N/ha Beauregard 1 1.739 0.458
135 kg N/ha Beauregard 2 1.650 0.544
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Nitrogen
level Genotype Block
Resin glycoside 
(%DW)
Caffeic acid 
(%DW)
135 kg N/ha Beauregard 3 1.340 0.484
135 kg N/ha Beauregard 4 2.162 0.315
135 kg N/ha Beauregard 5 1.821 0.413
135 kg N/ha Beauregard 6 1.065 0.521
0 kg N/ha Excel I 0.963 0.381
0 kg N/ha Excel 2 1.656 0.363
0 kg N/ha Excel 3 0.721 0.476
0 kg N/ha Excel 4 3.123 0.333
0 kg N/ha Excel 5 4.800 0.370
0 kg N/ha Excel 6 4.920 0.272
45 kg N/ha Excel 1 2.120 0.457
45 kg N/ha Excel 2 2.232 0.450
45 kg N/ha Excel 3 2.332 0.501
45 kg N/ha Excel 4 3.340 0.316
45 kg N/ha Excel 5 3.971 0.434
135 kg N/ha Excel I 2.678 0.435
135 kg N/ha Excel 2 2.566 0.476
135 kg N/ha Excel 3 2.665 0.377
135 kg N/ha Excel 4 2.665 0.399
135 kg N/ha Excel 5 1.895 0.420
135 kg N/ha Excel 6 3.910 0.355
0 kg N/ha W-244 1 0.317 0.375
0 kg N/ha W-244 2 0.361 0.443
0 kg N/ha W-244 4 1.566 0.468
0 kg N/ha W-244 5 1.650 0.366
0 kg N/ha W-244 6 2.474 0.371
45 kg N/ha W-244 1 1.404 0.397
45 kg N/ha W-244 2 1.024 0.388
45 kg N/ha W-244 3 2.113 0.266
45 kg N/ha W-244 4 2.551 0.293
45 kg N/ha W-244 5 1.465 0.365
45 kg N/ha W-244 6 1.864 0.384
135 kg N/ha W-244 1 1.064 0.395
135 kg N/ha W-244 2 0.10! 0.517
135 kg N/ha W-244 3 0.133 0.473
135 kg N/ha W-244 5 1.700 0.372
135 kg N/ha W-244 6 1.864 0.384
0 kg N/ha Sumor 1 1.884 0.478
0 kg N/ha Sumor 2 0.787 0.484
0 kg N/ha Sumor 3 0.733 0.514
0 kg N/ha Sumor 5 0.721 0.385
0 kg N/ha Sumor 6 1.377 0.474
45 kg N/ha Sumor 1 1.146 0.594
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Nitrogen
level Genotype Block
Resin glycoside 
(%DW)
Caffeic acid 
(%DW)
45 kg N/ha Sumor 2 1.385 0.391
45 kg N/ha Sumor 3 1.533 0.556
45 kg N/ha Sumor 4 1.126 0.411
45 kg N/ha Sumor 5 1.896 0.479
45 kg N/ha Sumor 6 2.261 0.533
135 kg N/ha Sumor 1 0.860 0.469
135 kg N/ha Sumor 2 0.824 0.570
135 kg N/ha Sumor 3 1.116 0.485
135 kg N/ha Sumor 4 0.990 0.404
135 kg N/ha Sumor 5 1.948 0.391
135 kg N/ha Sumor 6 1.470 0.504
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APPENDIX B
RESIN GLYCOSIDE AND CAFFEIC ACID CONTENT IN THE PERIDERM
TISSUES OF DROUGHT STRESS AND MANUAL DEFOLIATION STUDY
(CHAPTER V)
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Treatment Cultivar Block Resin glycoside (%DW)
Caffeic acid 
(%DW)
Drought stress Beauregard
1997
1 1.129 0.046
Drought stress Beauregard 2 0.752 0.292
Drought stress Beauregard 4 0.632 0.181
Drought stress Excel 1 0.975 0.181
Drought stress Excel 2 1.091 0.186
Drought stress Excel 3 5.312 0.180
Drought stress Excel 4 1.268 0.184
Irrigate Beauregard 1 0.510 0.258
Irrigate Beauregard 2 0.631 0.354
Irrigate Beauregard 3 1.363 0.286
Irrigate Beauregard 4 0.442 0.359
Irrigate Excel 1 0.860 0.233
Irrigate Excel 2 1.364 0.178
Irrigate Excel 3 1.253 0.247
Irrigate Excel 4 0.910 0.236
45 DAT* Beauregard 3 0.278 0.164
45 DAT Beauregard 4 0.686 0.230
45 DAT Excel 1 1.072 0.043
45 DAT Excel 2 1.205 O.lOl
45 DAT Excel 3 0.921 0.087
45 DAT Excel 4 1.099 0.176
65 DAT Beauregard 2 0.799 0.249
65 DAT Beauregard 4 0.798 0.249
65 DAT Excel 1 1.129 0.080
65 DAT Excel 2 1.798 0.098
65 DAT Excel 3 1.296 0.122
65 DAT Excel 4 0.851 0.127
85 DAT Beauregard 1 0.496 0.332
85 DAT Beauregard 2 0.768 0.234
85 DAT Excel 1 0.701 0.095
85 DAT Excel 3 1.090 0.115
Control Beauregard 1 0.735 0.244
Control Beauregard 2 0.925 0.203
Control Beauregard 3 0.796 0.218
Control Excel 1 1.267 0.089
Control Excel 2 0.779 0.068
Drought stress Beauregard
1998
1 1.030 0.464
Drought stress Beauregard 3 0.684 0.447
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Treatment Cultivar Block Resin glycoside (%DW)
Caffeic acid 
(%DW)
Drought stress Beauregard 4 0.873 0.394
Drought stress Excel 1 1.807 0.452
Drought stress Excel 3 1.286 0.481
Drought stress Excel 4 1.528 0.459
Irrigate Beauregard 1 0.614 0.477
Irrigate Beauregard 2 0.591 0.526
Irrigate Beauregard 3 0.859 0.388
Irrigate Beauregard 4 0.628 0.370
Irrigate Excel 1 1.377 0.482
Irrigate Excel 2 1.848 0.413
Irrigate Excel 3 2.094 0.472
Irrigate Excel 4 1.603 0.407
* The timing o f 67 % defoliation, e.g. 45, 65, and 85 days after transplant. Control 
had no defoliation.
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APPENDIX C
RESIN GLYCOSIDE AND CAFFEIC ACID CONTENT IN THE PERIDERM
TISSUES OF STORAGE ROOTS OF THE ROOT AND FOLIAGE INSECT
DAMAGE STUDY (CHAPTER VI)
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Main plot Sub-plot Replication Resin glycoside (%DW)
Caffeic acid 
(%DW)
Armyworm* Beauregard
1997
1 2.847 0.372
Armyworm Beauregard 5 5.942 0.363
Armyworm Excel 1 6.941 0.379
Armyworm Excel 2 10.223 0.249
Armyworm Excel 3 8.744 0.228
Armyworm Excel 5 11.305 0.315
Armyworm W-244 1 1.941 0.353
Armyworm W-244 5 4.567 0.279
Armyworm W-250 1 0.867 0.501
Armyworm W-250 3 1.668 0.430
BCB* Beauregard I 4.037 0.344
BCB Beauregard 2 1.057 0.478
BCB Beauregard 3 3.923 0.429
BCB Beauregard 5 4.058 0.378
BCB Excel 2 2.608 0.432
BCB Excel 3 4.522 0.415
BCB Excel 4 4.997 0.461
BCB Excel 5 2.611 0.471
BCB Excel 6 5.399 0.370
BCB W-244 4 3.282 0.391
BCB W-244 5 2.649 0.370
BCB W-244 6 3.289 0.402
BCB W-250 1 1.201 0.472
BCB W-250 2 0.294 0.483
BCB W-250 4 0.529 0.517
BCB W-250 5 0.569 0.512
BCB W-250 6 0.350 0.479
Cage only Beauregard 1 3.088 0.461
Cage only Beauregard 2 0.645 0.458
Cage only Beauregard 3 0.589 0.421
Cage only Beauregard 4 2.383 0.414
Cage only Beauregard 5 1.322 0.476
Cage only Excel 2 1.727 0.468
Cage only Excel 4 3.903 0.331
Cage only Excel 5 3.132 0.333
Cage only Excel 6 5.222 0.350
Cage only W-244 1 1.645 0.473
Cage only W-244 3 0.605 0.260
Cage only W-244 4 1.749 0.335
Cage only W-244 6 1.608 0.271
Cage only W-250 1 0.321 0.439
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Main plot Sub-plot Replication Resin glycoside (%DW)
Caffeic acid 
(%DW)
Cage only W-250 6 0.250 0.504
No cage Beauregard 1 3.733 0.173
No cage Beauregard 2 2.290 0.447
No cage Beauregard 3 1.911 0.424
No cage Beauregard 4 4.868 0.367
No cage Beauregard 6 6.971 0.324
No cage Excel 1 3.069 0.363
No cage Excel 2 6.242 0.139
No cage Excel 3 3.036 0.402
No cage Excel 4 6.437 0.415
No cage Excel 5 5.755 0.265
No cage Excel 6 6.841 0.259
No cage W-244 1 2.633 0.156
No cage W-244 2 2.242 0.273
No cage W-244 3 2.308 0.233
No cage W-244 4 4.691 0.214
No cage W-250 I 0.448 0.492
No cage W-250 2 0.304 0.475
No cage W-250 3 0.447 0.483
No cage W-250 4 0.399 0.409
No cage W-250 5 0.246 0.402
No cage W-250 6
1998
0.318 0.373
Armyworm Beauregard 2 3.792 0.187
Armyworm Beauregard 3 3.091 0.493
Armyworm Beauregard 4 1.876 0.511
Armyworm Beauregard 5 2.414 0.492
Armyworm Beauregard 6 6.207 0.421
Armyworm Excel 1 3.169 0.355
Armyworm Excel 3 8.439 0.298
Armyworm Excel 4 4.624 0.269
Armyworm W-244 4 1.582 0.537
Armyworm W-244 5 1.476 0.505
Armyworm W-244 6 1.699 0.566
Armyworm Sumor 1 1.089 0.615
Armyworm Sumor 2 2.286 0.549
Armyworm Sumor 3 2.099 0.522
Armyworm Sumor 4 2.172 0.624
Armyworm Sumor 6 2.308 0.591
BCB Beauregard 1 2.042 0.409
BCB Beauregard 2 2.867 0.512
BCB Beauregard 3 1.947 0.381
BCB Beauregard 4 2.186 0.485
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Main plot Sub-plot Replication Resin glycoside (%DW)
Caffeic acid 
(%DW)
BCB Beauregard 5 1.852 0.495
BCB Beauregard 6 1.542 0.530
BCB Excel 1 3.864 0.329
BCB Excel 3 4.125 0.347
BCB W-244 1 2.218 0.435
BCB W-244 2 2.597 0.491
BCB W-244 3 2.486 0.448
BCB W-244 5 0.680 0.510
BCB W-244 6 1.372 0.520
BCB Sumor 1 1.053 0.569
BCB Sumor 2 2.164 0.620
BCB Sumor 4 1.860 0.609
BCB Sumor 5 1.321 0.593
Cage only Beauregard 1 1.353 0.330
Cage only Beauregard 2 1.711 0.358
Cage only Beauregard 3 1.422 0.493
Cage only Beauregard 4 2.265 0.406
Cage only Beauregard 5 2.157 0.434
Cage only Excel 1 3.198 0.345
Cage only Excel 2 3.609 0.260
Cage only Excel 3 3.847 0.326
Cage only Excel 6 3.599 0.381
Cage only W-244 2 1.840 0.437
Cage only W-244 3 1.759 0.321
Cage only W-244 4 1.128 0.501
Cage only W-244 5 2.280 0.304
Cage only W-244 6 1.534 0.472
Cage only Sumor 1 1.126 0.497
Cage only Sumor 2 1.684 0.544
Cage only Sumor 3 1.590 0.487
Cage only Sumor 4 0.996 0.582
Cage only Sumor 5 1.402 0.593
Cage only Sumor 6 1.291 0.544
No cage Beauregard 1 1.899 0.502
No cage Beauregard 2 2.200 0.429
No cage Beauregard 3 1.703 0.319
No cage Beauregard 4 2.183 0.531
No cage Beauregard 5 2.682 0.410
No cage Beauregard 6 2.441 0.546
No cage Excel 1 5.230 0.192
No cage Excel 2 4.086 0.204
No cage Excel 3 3.322 0.385
No cage Excel 4 6.025 0.277
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Main plot Sub-plot Replication Resin glycoside (%DW)
Caffeic acid 
(%DW)
No cage Excel 5 2.947 0.343
No cage Excel 6 4.706 0.389
No cage W-244 2 2.539 0.261
No cage W-244 3 0.974 0.562
No cage W-244 4 3.491 0.301
No cage W-244 5 2.287 0.215
No cage W-244 6 1.949 0.533
No cage Sumor 1 2.609 0.453
No cage Sumor 2 1.352 0.552
No cage Sumor 3 1.479 0.595
No cage Sumor 4 1.553 0.569
No cage Sumor 5 1.512 0.522
No cage Sumor 6 1.355 0.602
Armyworm = Spodoptera latifascia (Walker); BCB = Banded cucumber beetle
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